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I. INTRODUCTION 
In an attempt to clarify the cellular changes occurring during 
adrenocortical regeneration, Brenner, Patt and wyman (1953) reported 
a sequence of five cell types with respect to intracellular lipid. 
One of the cell types was termed the "empty" cell, characterized by 
a complete absence of lipid. Subsequent studies (Penney, Dixon and 
Patt, 196o; Patt, Dixon and Penney, 1961) attempted to determine the 
function of the "empty" cell and the sequences of other cytoplasmic 
organelles in order to understand more complete" the cellular pro-
cesses occurring during which adrenocortical cells became·acclimated 
to a new environment. The limitations of histochemistry and light 
microscopy soon become apparent, and the need for employing new tech-
niques of investigation aro.se. Observations of Patt, Dixon and Penney 
(1961) on differentially centrifuged adrenocortical autotransplants 
suggested that microsomal and mitochondrial variations may be occurring 
during regeneration akin to the intracellular lipid sequence reported 
by Brenner, ~ ~ (1953). Therefore, because it permits observations 
of :fine structure beyond the limits of optical microscopy, electron 
I 
microscopy was chosen as the means whereby cytological changes could 
be studied on the level of the cytoplasmic organelles in an attempt 
to establish structural characteristics as a potential bas:i:s·""for·::.the 
development of functional theories. 
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II. REVIEW OF THE LITERATURE 
A. REGENERATION AS A BIOlOGICAL PHENOMENON 
TWo basic biological processes, growth and reproduction, ar~:~-
ifested in the increase in size and the attainment of maturity of the 
organism, and in the numerous cellular processes making up the tissues 
r • ,. 
and organs of the organism. ~e~e phenomena, coupled wi, th repair and 
regeneration, are ~vents which ~trive to maintain the status a~o of 
mature or. adult life for a per:i.od of time. Regeneration, or the re-
placement by new cells similar to the ones they replace, is one of the 
. . 
prime reactions to injury, occurring from protozoa to man, and occurs 
contin~ous~ for the replacement of lost cells, in such tis~ues'as the 
blood ~d epidermis. 
Anderson (1961) has focused attention on the wide range of vari-
ation in regenerative ability of different tissues of the same organism. 
He st?tes that supporting tissues regenerate well. Connective tissues 
(~ollagenous, reticular and elastic) are for.med by fibroblasts. New 
bone is laid down by osteoblasts, and cartilage by chondroblasts~ Blood 
vessels are readi~ regenerated, arising from the endothelial cells of 
surviVipg capillaries. 
Epith~lilllil, both epidermal and glandular, regenerates well. Nor-
mall.y occurring cyclic regeneration is found in the uterine mucosa and 
mammary glands. 
Anderson (l961) states that regeneration and replacement of cells 
occurs as follows: 
2 
"New cells always arise from pre-existing 
cells which have retained the ability to revert 
to embryonal appearance and functions; they en-
large, become round, and undergo cell division 
until lost tissue has been replaced. Then they 
reassume the character of adult cells." 
3 
Loss of the ability to regain their embryonal character has cost 
some types of cells the ability to regenerate. Examples are the more 
hig~ differentiated cells, such as muscle and nerve. Smooth mu~cle 
regenerates poor~, being replaced by scar t1ssue, and skeletal muscle 
cannot ordinaril1 regenerate new cells. Although nerve fibers can be 
replaced if the cell remains intact, nerve cells cannot divide and 
replace lost tissue (Anderson, 1961). 
In the higher organisms, tis~ttes become more specialized, and thus 
lose their adaptability for regeneration. Regeneration of lost body 
parts is a widespread phenomenon in invertebrates, but almost unlmown 
in mannnals. In man, the liver can regenerate very well after extensive 
pathological damage (Anderson, 1961). 
Considerable evidence of regenerative capacity for specific tissues 
-has been accumulated from studies in which tissues were transplanted to 
various sites and hosts. Generall1 embryonic tissue has less specificity 
and may regenerate, but as development proceeds, specialization increases, 
limiting the possibility and potential of transplanting the tissue from 
one animal to another. 
The varieties of transplantation relationships have been classified 
by Loeb (1945) and others as follows: 
Autotransplants: donor and host are the same individual. 
Isotransplants (Syngenesiotransplants): donor and host are 
I 
ver.r closelY related members of the same 
species, such as litter.mates or identical twins. 
Homotransplants: ·donor and nost are unrelated members o£ the 
same species. 
Heterotransplants: donor and host are members of different 
species. 
' 
Medawar (see Peer, 1959) has reviewed another classification of 
transplants based on the anatomical relationship of the ~rigin and 
destination of the graft as follows: 
Isotopic: tissue transplanted to exactlY the same site. 
Orthotopic: tissue transplanted to a "nat~al~ or closelY 
allied site. 
Heterotopic.: tissue transplanted to an unnatural position, 
i.e., thyroid gland to the brain~ 
The success of transplantation decreases sharplY the more distant 
the relationship between donor and host. After successful transplanta• 
tion, autotransplants continue to live as accepted and integral parts 
of th~ body anatomy (Peer, 1955). Some non-vascularized tissues, like 
bone, have been·homotransplanted successfullY, but will be more ~uccess-
ful when they serve a functional ~e. 
The transplantation of endocrine tissues began when Berthold (1849) 
homotransplanted testes to castrated cockerels and demonstrated allevi-
ation of the castration syndrome. Alleviation or the symptoms which 
arise following removal of the gland in question now serves as one of 
4 
the criteria for determination of the endocrine nature of a gland and 
of the success or failure of the graft. Halstead's "law o£ deficiencyn 
( 1909), that is, that a deficiency of an endocrine principle must exist 
5 
in an animal before that endocrine organ can be transplanted success~, 
has been shown to apply to endocrine transplantation. However, Wyman 
and tunt Suden (1937) suggest it may be the amount of circulating pitui-
tary hormone, rather than a "need" for the hormone principle which may 
control the amount of regeneration. Ingle (195lb) supports this view. 
Halstead's Law has also been challenged as to its application to t~oid 
regeneration by Braunwald and Hufnagel (1958a and b), who reported 
) 
gvowth of thyroid grafts in hemitbyroidectomized rats. It has also 
been shown (Patt, Dixon and Penney, 1961) that autotransplants in uni-
latera~ adrenalectomized rats will become established, but will remain 
dormant. Following complete adrenalecto:m;y, the trsnsplants will regen-
erate and increase in size. 
Endocrine tissue has been shown by many workers to be transplant-
able, and to satisf.y all criteria governing successful regeneration. 
Adrenocortical tissue is no exception. 
B. ADRENAL REGENERATION 
Early reports of successful adrenocortical transplants (Poll, 1898) 
were concerned mainlY with attempts to overcome the difficulties pre-
venting successful grafting. Jaffe and Plavska (1926) and Jaffe 
(1927), using the guinea pig and rat, presented the first conclusive 
observations on successful intramuscular transplants and subsequent 
functional support by the adrenal. Jaffe also described the immediate 
necrosis that overtakes much of the graft within three days after 
transplantation, adding that normal appearances were restored in four 
to five weeks. Brie~, both adrenals ~ere removed, halved or quart-
ered in sterile physiological saline, and placed in pockets in the 
abdominal muscles. With slight variations, this technique has been 
used successfully by numerous workers (Wyman and Walker, 1929; Wyman 
and tum SUden, 1932; Ingle and Higgins, 1938 and 1939; Brenner, Patt 
and Wyman, 1953). 
Most of the significant work on adrenal transplantation has been 
carried out on the rat. A compatable adrenal transplant will grow in 
> 
almost ~ site, providing the host has bee~ adrenalectomized. Success-
ful ~r?nspl?rtts have been made to such sites in the rat as the anterior 
chmp.ber ot the eye (Turner, 1939), ear (Kroc, 1942), fascia Stll"~unding 
the' femoral yein (Higgins and In~le, 1938), cerebral cortex (Pomerat, 
~eckePt~dge and Gordon, 1944), spleen, liver and kidney (Butcher, 
1948; Bernstein, 1950a and b), mesentery (Bernstein, 1950a), portal 
circulation (Bernstein and Biskind, 1957 and 1958; Bernstein, 1959 
and 196o), uterus (Weinstein, Schiller and Charipper, 1950), and, as 
mentioned before, the dor~al musculature (Brenner, ~ !!, 1953). 
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In an extensive bibliography or adrenal transplantation1 Geiringer 
(1954) has listed some of the animals and sites utilized. Adrenal 
glands have been auto-, homo- and heterotransplanted in cats, dogs1 
frogs, guinea pigs1 humans, mice1 rabbits, and rats to the brain, ear1 
eye, kidney, liver1 muscles; nerves, 'spleen, portal tract, lymph sacs 1 
ovar,y, seminal vesicles, peritoneum, skin1 testis, thyroid, uterus, 
and subdural space. 
Ingle and Higgins (1938) have studied regeneration in enucleated, 
or demedullated adrenals, noting that regeneration is complet~ by 
thirty days. Wyman and tum Suden (1932) have reported regeneration 
as being complete in transplants at ninety days. The rapidity or 
regeneration of enucleated glands is undoubtedly .favored by an un-
disrupted blood supply, the identical locality of the regeneration 
site1 and the reduction in operative trauma during enucleation. In a 
recent study1 Penney1 Dixon and Patt (1960) compared the rates of 
growth or autotransplan.ts in the following combinations or adrenocor-
tical transplant preparations and sites~ (a) one-quarter gland intra-
muscular; (b) one-half gland intramuscular; (c) one-half gland mesen-
teric; (d) enucleated mesenteric; and, in some cases, (e) ~ ~ 
enucleated. They found that the mesenteric site was more conducive to 
regeneration than the intramuscular site, with a progressive increase 
in the mass of regenerated tissue as one compares sites a, b1 c1 d and 
e, respectively. 
In his review on adrenal regeneration, Skelton (1959) described 
the subnormal levels of secretion of aldosterone and corticosterone in 
regenerating adrenals incubated ia vitro. It is also postulated that 
7 
regenerating adrenal glands are never able to respond functiona~ to 
stress in the normal manner. 
Macchi and Wyman (196oa and b) report that, compared to intact 
controls, adrenals regenerated thirty days or more eXhibited normal 
in vitro output rates of corticosteroids per unit tissue weight in the 
absence' or presence of ACTHar (10 I.U. per 100 mg. adrenal) irrespective 
. 
of regeneration site or age. Mesenteric transplants regenerated four-
s 
teen days showed approximatelY fifty percent reduction in output rates 
without apparent los~· of ACTH sensitivity. 'None afforded normal protect-
ion against water intoxication after regenerating thirty, sixty or 
ninety days. ~ vivo, enucleated glands were functionallY superior 
to transplants at all periods, while the mesenteric transplants were 
superior at sixty days, but similar a.t ninety days to intramuscular 
transplants. 
In adrenal tissue regenerating fifteen to ninety days after 
enucleation, Pellegrino and Torcigliani (1957) have reported the 
restoration of cell size, adrenal weight, cell number, total nitrogen, 
protein nitrogen, deoJcy'ribortucleic acid, ribonucleic acid, total. fatty 
acids and the activities of C,ytochrome oxidase, acid phosphata~e, al-
kaline phosphatase and beta-glucuronidase to be incomplete when ex-
pressed on a wet weight basis. 
Using histamine poisoning as measured by the LD50 technique, Kom-
rad and Wyman. (1951) determined the resumption of function of adreno-
cortical transplants, reporting that by ten days of regeneration,. the 
transplanted tissue is capable of secreting sufficient hormone to meet 
the severe requirements of an acute stress in addition to the dailY 
needs of the animal. It must be pointed out, however, that the ability 
of an animal with an adrenal autotransplant to withstand experimental 
stresses never reaches the ability demonstrated by a normal animal. 
Following enucleation of the adrenal, rats, when given a choice, 
will ch0ose saline over water for the first six days of regeneration, 
but wili progressively consume more water and less saline up to twelve 
days after the opera~ion, whereupon they no longer consume the saline 
solution (Chester Jones and Wright, 1954a). It is suggested that 
mineralocorticoid secretion is deficient for about six days after which 
it increases to· ·normal by twelve days of regeneration. 
The success of adrenocortical homotransplantation is reduced con-
siderably over autotransplantation. Jaffe (1927) found no distinguish-
able di££erences between autografts and homografts to guinea pigs for 
the first two weeks following transplantation, but by the third week, 
lymphocytic infiltration was clearly seen,. and by the seventh week the 
majority of the homotransplants had disappearedf'completely. Wyman and 
tum Sudan (1941) reported the incidence of successful intramu~cular 
homografts in normal male rats as 32.1 ~ercent. 
In analyzing the degree of success in homotransplantation and the 
strains of animals utilized, the question is raised (Peer, 1959) as to 
whether or not the percentages of success reported may be due to the 
partial or complete inbreeding, and, in reality, the degree of success 
is due to the isotransplantation conditions which exist. If this 
explanation is valid, true homografts may not be as successful as 
previously thought. 
Attempts to reduce the homograft rejection reaction have involved 
transplantation to ~h~ brain, where the effects of the reaction are 
mitigated, but success has been ~mall (Peer, 1959). Another attack 
9 
on the homograft reaction is to grow pieces of' adrenal gland in tissue 
culture prior to transplantation. In a recent report, Bode;r, ~sQ. 
10 
(1961) grew adrenals from an inbred strain of' rats in a tissu~ culture 
medium of' balanced salt solution f'or a period of' seven to f'ort;r-eight 
days, atter which both auto- and homotransplants were made. Homograf'ts 
cultured for seven da;rs were on~ twenty-seven percent successful, whereas 
autotransplantsunder the same cond~tions were one hundred·percent suc-
ces~ful. No success was obtained with homotransplants cultured f'or 
periods longer than seven days. 
Brooks, ~!! (196o) have both auto- and homotransplanted adreno-
cortical tissue in Millipore filter diffusion chambers into the peri-
toneal r.egion of rats, obtaining twenty-nine percent success with auto-
transplants and twenty-eight percent with homografts after ten weeks. 
VJhen the chambers were removed, the animals died within eight days, in-
dicating the chambers indeed contained viable tissue. 
Although attempts have been made to heterotransplant adrenocortical 
tissue, little success has been realized. In recent years attempts f'or 
successful transplantation have centered around the more rewarding 
aven~s of' approach, such as auto- and homotransplantation. 
c. ADRENOCORTICAL CYTOGENESIS 
THe evolutionary development of the adrenal gland clearly reveals 
its dual nature. Although evidence exists that epinephrine, or an 
epinephrine-like substance is secreted from the chromaffin tissue in 
invertebrates, such as the molluscs, the Qyclostomes are the first ani-
11 
mala wherein both chromaffin and interrenal tissue exist. In the Qyclo-
stomes through Teleosts the chromaffin tissue is spread widely through 
the organism as paired segmentally. arranged bodies. In Elasmobranchs 
lobulated structures of interrenal tissue are four,~.d along the midline, 
increasing in size caudally. In Amphibia the chromaf£in and interrenal 
portions are associated, and are arranged in a double row of adrenal 
bodies along the midline, or may be embedded in the lddneys.. In reptiles 
and birds the adrenals are usually paired, but may be united. They lie 
ventrally against the anterior tips of the lddneys, the chromaffin and 
interrenal portions being intermingled. True cortex and medulla exist 
o:hly in the mammaJ s, where the chromaffin tissue is completely surrounded 
by the interrenal or cortical portion (Hartman and Brownell, 1949). 
The p~~ogenetic development of the adrenal gland is summarized in 
the ontogeily o'f the mammalian gland. The primordium o£ the suprarenal 
or cor~ical portioh arises from the splanchnic mesoderm at the base o£ 
the dorsal mesenter.y near the cephalic pole of the mesonephros, and pro-
liferation to form cords of cortical tissue occurs shortly thereafter. 
' . 
Medullary or chromaffin tissue arises from the neural ectoderm of the 
primitive sympathetic nervous system and migrates ventrally towards the 
cortical mass, penetrating it and forming a medulla about the time o£ 
birth. The adrenal glands of the rat, mouse, and man are formed in 
this manner (Hartman and Brownell, 1949; Chester Jones, 1957). 
The zonation of the adrenal cortex, namely the zonae glomerulosa, 
fasciculata and reticularis, is based on histological criteria, or the 
arrangement and shape of the cells after routine preparation. Gottsbhau 
(1883) first proposed the idea of an inward migration of cells from the 
periphery of the cortex to the center, where degeneration. occurred, 
This ''migration" or "escalator" theory designated the zona glomerulosa 
as the site of active mitosis and the zona reticularis as the area of 
degeneration. He was supported in later studies by Hoerr (1931) and 
others. Analysis of the mitotic activity in the cortex, however, showed 
the majority of the cell divisions occurred at the junction of the inner 
portion of the zona glomerulosa and the outer fasciculata. Also the 
presence of light and dark cells in the zona reticularis (Hoerr, J.931) 
was considered to be indicative of different states of secretory activi-
ty, and not indicative of degeneration as Hoerr mentioned. 
As the "cell ,migra.tionn theory declined, the idea that the three 
zones of the adrenal cortex constituted three distinct and independent 
//' 
secretory layers gained ·in prominence. Deane and Gr~ep2(1946)~ Deane, 
Shaw and Greep (1948), and Greep and Deane (1949b) greatly advanced the 
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view that the zona glomerulosa is not under the influence of the anterior 
pituitar,y, put secretes mineralocorticoids and is governed by the ratio 
of Na/K in the blood, and that the zonae fasciculata and reticularis are 
under the control of the anterior pituitary and secrete glucocorticoids 
influencing carbohydrate metabolism. Subsequent work has added strength 
to this "zonal" view (Chester Jones, 1957), including the work of Giroud, 
~!! (1956) and Stachenko, ~!! {l959a and b). 
Tonutti, Bahner and Muschke (1954). postulate variations in the 
gland may occur by changes in twCil cortical areas, namely the outer re-
gion, comprising the capsule and zona glomerulosa, and the inner region, 
comprising the zona reticularis and, to a varying extent, the zona fas-
ciculata. These two regions are called the inner and outer transform-
ation fields. Under the influence of ACTH the inner and outer trans~r) 
formation zones can change into actively secreting zona fasciculata, 
the functional portion of the gland. 3,y.mington (1960) and others 
state the zona reticularis is an actively secreting zone, which ex-
pands, not diminishes, with cortical hypertrophy. 
·Studying regeneration in the enucleated rat adrenal, Deane, Shaw 
and Greep ~1948) and Greep and Deane (1949a) ~bserved that only the 
glomerulosa cells adhering to the capsule for.med the seea for regener-
ation. They also stained· the lipid in the regenerating cortex with 
Sudan Black B, the first such histochemical study on regenerating ad-
renal tissue. Skelton (1959) states that during regeneration new cells 
arise both £rom residual cortical elements and by transformation of 
capsular mesenchymal cells into cortical cells. In time, a whole new 
cortex is regenerated from the few viable cells of the zona glomer-
ulosa which survive the enucleation and transplantation trauma. 
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D. ADRENAL HISTOCHEMISTRY 
The lipid-rich adrenal cortex has been observed to show some 
zonal variation insofar as lipid is concerned. Brenner, Patt and 
Wyman (19.53) have shown that cells of the zona glomerulosa in the in-
tact adrenal gland are small and rounded with many small lipid drop-
lets in their cytoplasm. The lipid droplets may be evenly scattered 
or gathered in clusters. Separating the zonae glomerulosa and fasci-
culata i~ a lipophobic zone with cells relatively poor in lipid. Lever 
(195.5b), in an electron microscopic study, has shown this lipophobic 
zone to contain lipid, but in smaller amounts. Therefore, the zone 
may not be lipid-free. Cells of the zona fasciculata are larger than 
those of the glomerulosa or lipophobic zone and contain both small 
lipid droplets and spheroid complexes, as described by Cain and Harri-
son (19.50) and later by Rennels (19.52). ~en stained with Sudan Black 
B (Baker, 1944), these complexes are composed of a sudanophilic pellicle 
and a sudanophobic core. The largest spheroid complexes are found in 
the zona reticularis. Brenner, ~!! (1953) state that regenerated 
adrenocortical tissue should not be considered to be mature until the 
lipid within the three zones exhibits staining and structural charact-
eristics similar in size and distribution to those of the intact gland. 
Utilizing the blue-black coloration of Sudan Black B stain for 
lipids and the changes in lipid for.m and content brought about by 
stress on the adrenal gland, Brenner, ~ !1, (19.53) and Brenner (195.5) 
investigated the role of cytoplasmic lipid in the regenerating intra-
muscular adrenocortical transplant, noting that the viable cells pass 
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through a series of five cell types before reaching maturity. After 
the initial necrosis of the zonae fasciculata and reticularis, the sur-
viving glomerulosal cells apparent~ enter a static state, wherein the 
intracellular lipi~ droplets enlarge and crowd together to such an ex-
tent that the nucleus may be obscured. Such cells have been termed 
"static" glomerulosal cells, and are characteristic of one to three days 
of regeneration. From three to sixd~s of regeneration, cells enlarge 
in volume, lose some of their lipid, and possess large lipid droplets, 
revealing a large vital nucleus. These cells have been termed "trans-
itional11 • At seven to ten d~s of regeneration cells become complete-
~ devoid of lipid, indicative of rapid production of hormone (Kom-
rad and wyman, 1950), but not storage thereof. Such cells have been 
called "empty". From eleven to fourteen d~s after transplantation, 
"granular" cells appear, characterized by small scattered lipid drop-
lets. At this time mature histological arrangement is noted, but the 
cells are not considered to be mature. After sixteen to twenty-one 
d~s of regeneration, increasing numbers of cells become mature, poss-
essing the lipid characteristics and spheroid complexes previously 
~ ~ .. ... ... .. ::l "" ""~\ ... "'., 
noted as tyPical of the normal gland. These "adult" cells show all 
the normal histological zonation. 
This sequence of five cell types with respect to intracellular 
lipid has been found to occur in all sites of adrenocortical trans-
plantation studied, although ~ither advanced or retarded when compared 
to the intramuscular transplant (Penney, Dixon and Patt, 1960; Patt, 
Dixon and Penney, 1961). 
B.1 means of phase contrast microscopical observations on frozen 
15 . 
sections of adrenocortical transplants after varying periods of regen-
eration~ Patt~ Dixon and Penney (1961) determined the mitochondrial 
condition accomp~ each of the five stages of differentiation of 
lipid described by Brenner~ ~!! (1953). In young transplants~ the 
"static" and 'transitional!' cell types~ the mitochondria were coarse and 
bunched between lipid droplets. In cells of the lipid-free "empty" 
state~ the mitochondria were fine and ev~ scattered throughout the 
cytoplasm. In ol'der transplants of the "granular" and "mature" cell 
. ~ 
types~ the mitochondria were again coarse and bunched betwe.en lipid 
drQplet~ ~" as well as crowded around t~e nuclear membrane. 
Therefore it appeared ~easible to attempt to elucidate some of 
the, changes 9nd modifications occurring at the level of the cellpr-
ganelle durtng regeneration, in prder to explain~ if possible, the 
significance of the relationship of functional evidence and the intra-
. ~ellular lipid ·sequence with oth~r cytoplasmic structures (e. g. mito-
chondria) not easily studied with the light microscope. Thus; an 
electron microscopic analysis was undertaken, and the results are 
embodied in this dissertation. 
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· E. RELATION OF CELLULAR MORPHOlOGY TO FUNCTION 
The problem of correlating cellular morphology with cellular 
function interests both the anatomist and physiologist. The possibil-
ity of attributing specific enz.y.me reactions and bios.ynthetic steps to 
particular cytoplasmic organelles is, perhaps, the goal toward which 
the cellular morphologist and cellular physiologist are striving. Such 
a correlation for adrenocortical tissue has been advanced by Hayano, 
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~ ~ (1956), who fractionated adrenocortical cells, incubated the frac-
tions ~th c14-cholesterol, and then analyzed the products to determine 
the sites of enzyme action in corticosteroidogenesis. They postulate 
the mitochondria as being the site of (a~ t~e enzyme system responsible 
fpr the conversion of ~holesterol to pregnenolone, (b) 3-beta-dehydro-
genase, responsible for converting pregnenolone to progesterone, (c) 
17-hydro~lase, converting progesterone to 17-QH-progesterone, {d) 21-
hydro~lase, converting progesterone to deoxycorticosterone (DOC), and 
17-oH-progesterone to 17-QH-DOC, and (e) ll-beta-hydro:xylase, convert-
ing progesterone to ll-QH-progesterdne, DOC to corticosterone, and 17~ 
OH-DOC to cortisol. The enz.y.me system responsible for the degradation 
of the cholesterol side chain and ll-beta-hydroxylase may be located 
within the mitochondria. 
' Earlier work had reported both the 17- and 21-hydDoxylating enzymes 
to be localized in the "supernatant" fraction of differentia~ centri-
fuged adrenals (Plager and Samuels, 1954) and the 3-beta-dehydrogenase 
to be located primarily in the 11microsomal n fraction (Beyer. and Sam-
uels, 1956), but the findings of Hayano, ~::.!.! (1.956) were not con-
sistent with these. 
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. 
Hayano~ ~!1 (1956) centrifuged the whole adrenal cortex, com-
prising cells of all three zones, in compiling data for their report. 
It would seem, however, that a repeat of this work wherein glomerulosal 
' 
tissue alone was analyze~ might allow an even closer correlation of 
for-m and function, since the zona glomerulosa now is accepted to be 
the source of mineralocorticoids, and since cells of this zone also 
have been shown by numerous electron microscopic studies to have a 
different mitochondrial internal structure. Likewise a similar bio-
chemical analysis for the zonae fasciculata and reticularis might 
prove fruitful. 
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F. ELECTRON MICROSCOPY OF THE ADRENAL GLAND 
The electron microscopic observation of the normal untreated ad-
renal corte~ reveal two obvious and striking characteristics on which 
most authors agree. First there is an abundance of mitochondria in 
cells of all three histological zones,-and secondlY there are pre$ent 
large quantities of cytoplasmic lipid, staining intenselY dark with 
osmium tetroxide. The adrenal cortex of the hamster is somewhat unique 
in being scarce in lipid, as observed with both light microscopy (Meyers 
and Charipper, 1956) and electron microscop,y (DeRobertis and Sabatini, 
1958). 
In spit~ of the agreement of authors regarding the number of mito-
' chondria, there is slight variation in the descriptions of forms of the 
. ' 
membranous internum. Most wo~kers agree that the internal membranes 
are "tubular" (Belt, 1956; Belt and Pease, 1956; DeRobertis and Saba-
tini, 1959; Luse, 1961; Ross, 196o; Sabatini, Bleichm.ar and DeRobertis, 
. . 
1961; Yamori, Matsuura and Sabamoto, 1961), "saccular" or "tubulo-sac-
. . 
culgrt.! (Lever, 1955b and Zelander, 1957), "vesicular'' or "villous" 
(Belt, 1956; Lever, 1956a; Luse, 1961; Sabatini, Bleichm.ar anq DeRo-
ber.tis~ 196o), or "cyclomembranQus" or "rectimembranous: (Z~lan~er, 19 
19.5~).. ~a~steiner, Fellinger and Pakesch {1955) report "t!he lpito-
• ... \ .. ... 4 • • 
chondria of the zona fasciculata of the mouse as having a l~ellar 
internal structure, similar to that described by Palad.e (1952) as 
"cristae mitochondriales". Belt (1956) and. Belt and Pease (1956) 
report the same characteristic cristae for ovoid mitochondria of 
zona glomerulosa of the rat, and Luse (1961) described the same sit-
uation in the human zona glomerulosa. Cotte (1959) reports that 
cristae are o~casiona~ present. Cristae are present in the adult hen, 
but are absent in the chick adrenal cortex (Fujita, 1961). Ross (196o) 
states that in the human fetal adrenal cortex~ both cristae and tubules 
may be present in the same mitochondrion. 
Another variation of mitochondrial membranes in the adrenal cortex 
•is reported by Lurt and Hechter (1957) in perfused cow adrenals. They 
. - . 
att~ibute the vesicular or tubular pattern to anoxi.a~ and show that 
after perfusion with oxygenated blood, the "typical" or true situation 
of lamellar cristae becomes predominant. 
DeRobertis and Sabatini (1958) report a unique "chondriosphere" 
formation in the inner zones of the adrenal cortex of the hamster in 
I 
. which mitochondria tend to elongate, flatten~ and become surrounded 
by numerous (six to ten) lamellae. These structures may also contain 
'lipid in t~e center. 
The fine structure of the adrenal cortex of the albino rat was 
first surveyed by Lever (1955b). The following year Belt reported 
similar studies, and Belt and Pease observed mitochondria in various 
sites of steroid secretion. In the same year, Lever (1956a, b~ c~ 
d and e) greatly extended his work on the adrenal cortex in both normal 
and experimentally altered conditions, and compared its characteristics 
with those of other endocrine tissues. Since then m~ authors have 
investigated the adrenal glands of laborator,y rats and other animals 
under both nor.mal and experimental conditions. 
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Histologically the cells of the zona glomerulosa of the rat adrenal 
cortex B.ave been descril:)ed a~ being smaller, more irregularly shaped, 
and more compact than cells of the zona fasciculata, which are larger 
and arranged in cords. Cells of the zona reticularis lack cordal 
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arrangement. 
The previouslY noted observations of numerous mitochondria and 
osmiophilic droplets hold true for the rat adrenal cortex. The mito-
chondria are genera~ reported to be smaller and/or more concentrated 
in the zona glomerulosa (DeRobertis and Sabatini, 1959; Sabatini, Bleich-
mar and DeRobertis, 196o), and often larger, more numerous and more 
widelY spaced in the zonae fasciculata and reticularis (Belt, 1956; 
Sabatini and DeRobertis, 19~1). Observing the human adrenal cortex, 
Carr (1958) reports the mitochondria of the zona reticularis, and Luse 
(1961) describes mitochondria of the zona fascic~ata to be more com-
pact than are those of th~ zona glomerulosa. Belt (1958) has shown that 
some ~pberical mitochondria oi jige ~o:1;1a fasciculata :ma.y •. at:t;ain- un-usual 
size, reachiilg three microns in diameter. Yamori, Matsuura and Sakamoto 
(1961) describe mitochondria of th~ zona fasciculata as being smalle~ 
than those of the zona glomerulosa. 
~ 
1he internal structure of the mitochondria has been-reported by 
some •to~ show ·distinctive zonai characteristics which are·~a·6 tYf>i~al 
that Sabatini and DeRobertis (l961) state identification of cortical 
cell tyPeS can be made on this basis. Inner mitocl}.ondrial membranes 
are described as being somewhat "filamentous" or Utubular'1 in the zona 
gJ:omerulosa ·(Lever, 1955b; 1956a and d; Belt, 1956; Belt and Pease, 
1956; DeRobertis and Sabatini, 1959; Sabatini, Bleichmar and DeRobertis, 
196o; Sabatini and 'DeRobertis; 1961; Yamori, Matsuura and Sakamoto, 
1961)'1 and "saccular", "villous", "vesicular", or "tubular" in the 
zonae fasciculata and reticularis (Belt, 1956; DeRobertis and Sabatini, 
1959; ~er, '1955b, 1956a and d; Sabatini, Bleicbmar and DeRobertis, 
196o; Sabatl.ni and DeRobertis; 1961; Yamori, Matsuura and S~'6to, 1961) • 
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On the other hand, Carr (1961), observing the human adrenal cortex, 
reported a combination of filamentous, saccular or tubulo-saccular in-
ternal mitochondrial membranes in all zones, with n? zonal differences. 
Zelander (1958) describes mitochondria as being tubulo-saccular in the 
zona glomerulosa of the mouse, and membranous, with parallel arrangement 
in the zona fasciculata. While noting that mitochondria of the zona 
glamerulosa are thin and elongated and those of the zona fasciculata 
are round and oval, Sabatini and DeRobertis (1961) found the internal 
vesiQies of mitochondria of the zona fasciculata to have a mean diameter 
of four hundred fifty !ngstrom units .(!.). They have also shown that 
mitochondria of the zon~ glomerulosa are characterized by the presence 
of tubules of three hundred .Angstrom diameter, which may be grouped in 
parallel d.n an orderly array, or may give various morphological arrange-
ments. Belt (1956) reports the ovoid mitochondria of the zona glomeru-
losa to have characteristic cristae, but he and Pease (1956), observing 
other endocrine tissues, reported the internal membranes of mitochondria 
tend to be tubular or vesicular in all sites of steroid secretion. 
It has been postulated also that the vesicular structure of mito-
chondria in the zonae fasciculata and reticularis is due to the influ-
ence of ACTH, since after hypophysecto~ the internal membranes become 
tubular and vesicles reappear after hormone replacement (DeRobertis and 
Sabatini, 1959; Sabatini, ~ !J., 196o and 1962). Whatever the shape 
of the internal mitochondrial st!'U~tures, they are invaginations of the 
inner mitochondrial membrane (Sabatini and DeRobertis, 1961). 
Sabatini and DeRobertis (1961) and Sabatini, DeRobertis and Blei~h­
mar (1962) state that in the zona intermedia (lipophobic or sudanophobibc 
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zone) and the zona fasciculata, the mitochondrial outer membranes·~ 
be so poor~ defined that they almost appear absent, an observation first 
described by Lever (1956b) as a "free continuum" between mitochondrial 
matrix and the cytoplasm. The larger vesicles within the mitochondria, 
concentrated at the "ruptured edges11 , have beenci.described by Sabatini 
I 
and DeRobertis (1961) as similar in appearance to the numerous small 
clear vacuoles in the cytoplasm surrounding the mitochondria. These 
same investigators also postulate (1961) a differentiation of mitochon-
dria. from the tubular type of internal membrane to the tubulo-vesicular, 
to the vesicular type, the lat~er caused by fragmentation of the tubules. 
Sabatini,~~ (1962) proposes that the mitochondrial vesicles and 
agranular vesicles of the endoplasmic reticulum may both be involved in 
steroid synthesis. Luse (1961) noted the same condition of incomplete 
mitochondrial outer membranes in fetal and adult human adrenal cortices, 
calling attention to its similarity to the condition of ACTH administra-
tion (Lever, 1956d), characteristic of the activated gland. 
Insofar as osmiophilic lipid droplets are concerned, a somewhat 
loose~ arranged zonal variation is reported by some authors. Although 
conspicuous in all zones, osmiophilic lipid droplets have been described 
as being larger, more compact, more irregularlY shaped, and less osmio-
philic in the zona glomerulosa than in the other zones (Sabatini and De-
Robertis, 1961). Ashworth, Race and Mollenhauer (1959) reported lipid 
of the zona fasciculata to be more con9entrated in the outer portions 
of the zone. Cotte (1959) described the lipid of the zona reticularia 
as being less dense, an observation also made by Carr (1958) for the 
human adrenal cortex. Carr (1958) also noted a high lipid content in 
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the zona fasciculata. Lipids of the zona reticularis of guinea pigs 
have a granular internal structure, with similar dense structures within 
mitochondria (Gadrat, ~ !!, 1959). 
Cotta (1959) states that lipid may exist in two forms: liposomes 
and "complexes". Liposomes are large, possibly formed by the coalescing 
of many small-er ones, with an osmiophobic center. Complexes are formed 
by the association of multilaminar ~elin figures, granules and smaller 
liposomes. The lamellae of the myelin fibers are thirty Angstroms thick 
separated by an osmiophobic space thirty to fifty Angstroms thick. Pro-
bably they are a type of liposome. 
Some controversy exists concerning the origin of lipid droplets. 
Lever (1955b) has postulated and demonstrated that highly osmiophilic 
lipid droplets are formed from mitochondria by a stepwise process of 
decreasing mitochondrial vesiculation and increasing osmiophilia and 
density. Lever (1955b, 1956a and d) emphatical.ly' states mitochondria 
are the sites of lipid production, a report substantiated in part by 
the work or Hayano, ~ y (1956) in which the mitochondrial fraction 
of differentially centrifuged adrenocortical tissue~was shown to con-
tain many enz.y.mes present in the biosynthesis of corticosteroids. On 
the other hand, Belt (1958) has reported the presence or "microbodies" 
(akin to those reported by Rhodin (1954) for kidney epithelium and by 
Rouiller and Bernhard (1956) for liver cells of experimentally treated 
rats) which may enlarge and either become 11esiculated, forming .easily 
distinguishable mitochondria, or become dense and highly osmiophilic, 
forming obvious lipid droplets. Belt (1958) strongly emphasized that 
lipid accumulation within mitochondria was not encountered, and that he 
found no evidence that mitochondria transfor.m into lipid dr~plets. In 
support of Levexr.'s hypothesis of lipid formation, Ashworth, ll ~ (19.59) 
state that as cellular activity increases, lipid droplets may be trans-
formed into mitochondria. 
Lever (1955b and 1956a) ~epo~ts the endoplasmic reticulum t~ be 
present, but later says it is inconspicuous (1961), although noting the 
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presence of ribonucleqprotein particles. Ashworth, Race and Mollenhauer 
(1959) noted that the endoplasmic reticulum was extensive, particularly 
- -
in the inner zona fasciculata and zona reticularis, a condition indica-
tive of increased hormone synthesis. Yamori, ~ ~ (1961), hc;>weyer, re-
port an endoplasmic reticulum of ~he smooth kind to be concent~ated in 
the ~ona ~lomerulosa, consisting of vesicles and long tubules (0.05 
micrOif b~ 0,5-1.0 micron long) diffusely distributed in the cytoplasm. 
no granular ~ndoplasmic reticulum was seen. Conversely, Sabatini and 
. ' 
DeRo~ertis (1961) report the endoplasmic reticulum to be poorly developed 
. in the zona ~lomerulosa. Free ribosomes are prominent in the zona glom-
erulosa (S~batini and DeRobertis, 1961), and generally present.in the 
. . . 
cytoplasm (~er, 1961). Carr (1961) reports osmiophilic granules of 
ten millimicrons in diameter {probably Palade granul-es) in the human 
I 
zona reticularis, where::it is also d~scribed as being extensive by 
. . 
Luse (1961), who mentions a smooth endoplasmic reticulum to ot~er zanes. 
,P.oss, ~ S:J. (1958) note the presence of a granular endoplasmic reticu-
lum in the human fetal adrenal cortex, but note the complete absence 
of RNA granules attached to the reticulum. Ross (196o) later states 
most of the endoplasmic reticulum of the human fetal adrenal cortex is 
smooth, but many RNA granules are found in all zones, existing free in 
the cytoplasm. DeRobertis and Sabatini (1959) state that the ergasto-
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plasm is scarce in all zones of the adrenal cortex of the. hamster. 
The Golgi apparatus is reported as being rare, but well qeveloped 
in the zonae glomerulosa and fasciculata (Ya.m.ori, ~ ~' 1961). Lever 
(1955b) notes large sacs in cortical cells which resemble Golgi vacuoles. 
Thin walled sacs are also possib~ Golgiform (Lever, 1956a). Poly-
' laminar structures associated with mitochondria in the ~ona fasciculata 
of hamster ( ald.n to the "chondriospheres" of DeRobertis and Sabatini, 
1958) are "Golgi-mitochondrialn complexes (Lever, 1961). Sabatini and 
DeRobertis (1961) report a Golgi complex with typical flattened sacs and 
some clear~vesicles to be present in the zona glomerulosa. DeRobertis 
and Sabatini (1959) found the Golgi apparatus to be extremely scarce 
in the hamster adrenal cortex. Fujita (1961) failed to find any endo-
plasmic reticulum in the adrenals of the chick. or hen. Zelander ( 1957 
and 1958) says the prominent endoplasmic reticulum is mainlY confined 
to the zona fasciculata in mouse adrenocortical tissue with four to 
ten pairs of smooth-walled membranes. 
Attention is called by Sabatini and DeRobertis· (196l),·.amang others, 
to the presence of microbodies (Belt, 1958) ·and globules (Ze~ander,•r 
l959} in all zones of the adrenal cortex. They are usually round in 
shape with a single membrane, and may have a d~nse granular internal 
structure. Belt (1958), as previously noted, postulates these structures 
to be precursors of mitochohdria and lipid droplets. 
Ya.m.ori, ~ !1 (1961) show numerous fine, round or tubular vesicles, 
one hundred Angstroms in diameter, located between the mitochondria, 
particularly in the zona fasciculata. The tubular vesicles are 0.1 
micron in length. 
Light microscopy has revealed that blood sinusoids penetrate and 
wind through the adrenal cortex, sep?rating'parenchymal cells in the 
zona £asciculata into a cord-like arrangement. Lever (1955b) observ~d 
a space between the parenchymal cell plasma membrane and that of the 
endothelial cells lining the regional capillary sinusoids. Occasionally 
where two cortical cells are in juxtaposition, a continuation of this 
subendothelial space may separate parenchymal cell membranes to a vary-
ing degree. Although usually clear, the subendothelial space may con~ 
tain a hhomogeneous or pale osmiophilic granular substance, particular-
ly in the zonae fasciculata and reticularis. Presence of the subendo-
thelial space has been substantiated by many subsequent investigation. 
One of the features of the cell membranes in all three zones of 
the adrenal cortex is the adaptation of its structure to for.m pro-
jections or microvilli, particularly when there is a junction of three 
cells. These mic~ovilli penetrate extensively the previously described 
subendothelial space, giving a very irregular appearance. Carr (1959 
and 1961) notes these microvilli in the human, Lever (1955a and 1955b) 
and Sabatini and DeRobertis (1961) in the rat, Zelander (1959) in the 
mouse and Luse (1961) in zona fasciculata cell. Other than the possi-
bility of increasing surface area across whi~h transport could occur, 
' their fUnction is unknown. 
Another interesting feature of adrenocortical tissue of the rat 
is the presence of cells whose cytoplasm varies in its staining qual-
ities. Such cells have been designated as "light" and "dark" cells by 
Mulon (1911) and others, using techniques for light microscop~. Using 
the electron microscope and osmium tetroxide fixation techniques, Lever 
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(1955b) first substantiated this finding by light microscopists, when 
he showed light and dark cells to be consistently present in the inner 
zona fasciculata and zona reticularis, and occasionallY in the zona 
glomeruloaa. Lever (1955b) attributes the presence of dark cells to a 
variation in function or phase of the secretory cycle, and not indi-
cative of cellular degeneration. He postulates the secretory cyc.le of 
a cell may begin with a dark cell stage in which mitochondria are pack-
ed, suggestive of active steroid production, and then progress to the 
light cell stage, a storage or discharging for.m. Yamori, Matsuura and 
Sakamoto (1961) found no differences in cytological organization or 
structure between light and dark cells. 
In addition to their presence in the rat, light and dark cells 
have been reported in the adrenal cortices of the mouse (Lever, 1955b), 
rabbit (Luse, 1961), and human (Lever, 1955b; Ross, 196o; Luse, 1961). 
Lever has also called attention to the presence of light and dark cells 
in the adrenal medulla (1955c) and corpus luteum (1956a). 
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After the~leetxon microscopic observations of the nor.mal rat ad-
renal cortex had been established, investigations turned to the exper-
imental alteration of the gland to determine what changes are effected 
on the cytoplasmic organelles. Administration of excess amounts of ACTH 
increased' the amount of lipid~ cells of the zonae fascicuiata and 
reticularis (Lever, 1956b and 1956d; Ashworth, Race and Mollenh~uer, 
1959). In the activated gland, mitochondria with disrupted membranes 
exhibit a continuum between cytoplasm and mitochondrial internum (Saba-
tini, ~ ~~ 1962). Ashworth, Race and Mollenhauer (1959) report a 
substantial increase in dark cells with little lipid following excessive 
ACTH administration. In this hyperactive state, the endoplasmic retic-
ulum is greatly increased, and lipid droplets have been observed to 
change into initochondria (Ashworth, ~ ~' 1959). 
Hypophysecto~ is followed by a decrease in osmiophilic lipid, 
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loss in mitochondrial internal structure, decrease in mitochondrial 
number, loss of dark cells, and loss of cytological crispness (Lever, 
1956b; Sabatini, ~ !Y:, 1962). The main affect of hypophysecto~ ap•p 
pears in the zonae fasciculata and reticularis, but is evident with time 
in the zona glomerulosa. DeRobertis and Sabatini (1959) and Sabatini, 
~ ~ (1962) 'State that hypophysectomy effects a returncllm the tubular 
or filamentous form of internal mitochondrial membranes from the ves-
icular type in the zona fasciculata. 
Lowering of the Na/K ratio produces a transient hyperplasia of 
the zona glomerulosa, with increased mitochondrial numbers and an in-
·crease in cellular clarity and definition (Lever, 1956b and 1956d). 
Ya.mori, Matsuura and Sakamoto (1961) have shown that 0.1 cc. of 
4% formalin injected into the back muscles produces an increase in the 
endoplasmic reticulum and the number of mitochondria in the zona glo-
merulosa, and a disappearance of mitochondria and increased vacuoliza-
tion in the zona fasciculata. Cold stress (-2°0. for two hours) pro-
duces the same changes as the formalin injection (Ya.mori, ~ ~' 1961). 
Only one abstract has appeared on the electron microscopic anal-
ysis of adrenocortical regeneration (Sabatini, Bleichmar and DeRobertis, 
1960). The changes following enucleation of the left gland and right 
adrenalecto~ were studied. Only a few glomerulosal cells survive this 
treatment. At two weeks of regeneration the mitochondria of the viable 
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parenchymal tissue resemble those after severe ACTH administration in 
being increased in number and vesiculation. After the second week, the 
glomerulosal type of mitochondrion reappears. Capsular involvement in 
cellular proliferation is postulated. 
Electron microscopic studies,of the adrenal medulla of the rat 
have been reported by Lever (1955c), who noted the characteristic osmio-_ 
p~lic secretion droplets of the normal medulla, termed "adrenaline 
granules", and their depletion and vacuolization following denervation 
of the gland and exposure to cold stress. Luse (1961) noted the vari-
ety of forms w~ch medullary granules may assume, such as sickle-shaped, 
round, granul~ted and surrounded by a membrane. Sj8strand and Wetz-
stein (1956) report these granules to be discs with a mean diameter of 
thirteen hundred eigh'ly six 1. Using the rabbit adrenal medulla, · 
DeRobertis and Vaz Ferriera (1957a, 1957b and 1957c) found that with 
stimulation the secretory granules tend to increase in size, decrease 
in density, and to become concentrated at the cell .membrane. !Fhe mean 
size -of the secretory granule (1957b) was one hundred sixty milli-
microns in diameter, with a range from eighty seven to two hundred thirty 
millimicrons. These droplets were enclosed by a thirty 1. limiting 
membrane, and between the membrane and the osmium deposit, there was 
a space of one hundred to one hundred twenty l. DeRobertis and Saba-
tini (196o) have followed the secretory process after medullar,y stim-
ulation. 
In addition to the electronf~croscopic studies of the rat adren• 
-
al gland, similar studies have been carried out on the adrenal cortical 
tissue of other animals, ~uch as the frog (Geyer, 1959; BUrgos, 1959), 
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domestic hen (Fujita, 1961), rabbit (Lever, 1955b; Cotta and Cotta, 
1961; Luse, 1961), mouse {Lever, 1955a, 1955b; Braunsteiner, Fellinger 
and Pakesch, 1955; Zelander, 1957, 1958 and 1959), guinea pig (Gadrat, 
Planel, Guilhem and Izard, 1959; Cotta and Picard, 1959; Cotta and Cotta, 
1961), hamster (Lever, 1955b; DeRobertis and Sabatini, 1958a and 1958b; 
Cotta and Picard, 1959; Belt, 196o), cat (Cotta and Picard, 1959), dog 
(Kaminsky,. 1962; Luse, !1 !1, 1962), cow (Luft and Hechter, 1957), and 
human {Lever, 1955b; Carr, 1958 and 1961; Ross, Pappas, Lanman- and Lind, 
1958; Ross, 196o; Luse, 1961). Thus a morphological comparison of ad-
renocortical tissue from a pbyaogenetic standpoint is beeo~g more 
complete. 
The adrenal medulla has also been studied in animals .. ,other than 
the laboratory rat, as shown by reports on the rabbit (DeRobertis and 
Vaz Ferriera, 1957a, 1957b and 1957c; DeRobertis and Sabatini, 196o), 
hamster (DeRobertis and Sabatini, 1960), guinea pig (Sj8strand and 
Wetzstein, 1956), mouse (Sj8strand and Wetzstein, 1956), and the cat 
(Sjgstrand and Wetstein, 1956). 
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III. MATERIALS AND METHODS 
The results presented in this dissertation were obtained by the use 
of light microscopy, phase contrast microscopy, and electron microscopy. 
The materials and methods common to the three investigative disciplines 
> 
are described, as well as the preparative techniques peculiar to each. 
A. ANIMALS 
Male albino rats of the Wistar strain, weighing between ninety five 
and one hundred fifty grams at the time of operation, were used in all 
studies. Rats were purchased from the Charles River Breeding Labor-
atory (North Wilmington, Massachusetts) at weights ranging from eighty 
to one hundred grams, a weigh~ range corresponging to an age of four 
to six weeks. Upon arrival the rats were placed in clean wire cages, 
two to a cage, supplied with fresh tap water and Purina Laporatory 
Chow~ libi~um, ?Dd allowed a minjmum period of thr~e days for accli-
matization to the conditions of the animal rooms in the research build-
ings of both Boston University and Harvard School of Dental Medicine. 
Animals were usua.lly ordered in groups of twenty to sixty, and under-
went surgery during the period three to ten days after arrival. Exper-
imental and control animals were always chosen ~rom the same animal 
shipment insofar as this was possible. 
B. SURGICAL TECHNIQUES 
All the animals were anesthetized with ether (Merck) and bilater-
ally adrenalectomized via the dorsal route. The skin and hair of the 
back were moistened with a 0.5 percent iodine solution in seventy per-
cent ethanol, and a short midline dorsal incision was made with clean 
scissors. The underlying fascia was dissected aw~, the skin was re-
tracted, and a small puncture was made with sharp, straight forceps 
through the dorsal muscle mass slightly cephalad and mediad of the 
anterior pole of the kidney• The adrenal gland was grasped with a pair 
of curved blunt forceps, pulled up through the incision, and severed 
from its vascular connections with iris scissors. The wound in the 
lD.Usculature was allowed to heal without sutures. 
The right excised adrenal gland was either discarded or used as 
control tissue. The left excised adrenal was t~ed of surrounding 
connective tissue and bisected. Pockets were made in the trapezius 
and latissimus dorsi muscles on the right and left side, and one half 
of the left gland was inserted into each pocket. The skin incision · 
was closed with Michel wound clips, and, after complete recovery from 
anesthesia, the animal was returned to the animal room. A drinking 
solution of one percent saline (o.; percent sodium chloride; 0.5 per-
cent sodium citrate) replaced the tap water for a period of sev~n days 
following the operation (Farris and Griffith, 1942). 
33 
34 
C. TECHNIQUES FOR TISSUE PREPARATION 
All ~imals were killed by cervical dislocation. The tissues were 
removed ilmnediately, trimmed of connective tissue·, weighed, and pla:ced 
in fixative according to the requirements of subsequent processing. 
Light Microscopy: Tissues, to which electron microscopic obser-
vations would be compared, were processed for light microscopy by 
staining with either Sudan Black B or with haematoJcy"lin and eosin. For 
the latter, the tissues were placed in Bouin's fixative for twenty hours, 
washed, dehydrated, and embedded in paraffin. Sections were cut at a 
' thickness of eight micron, cleared, stained in the usual manner, and 
mounted with Permount. For the staining of intracellular lipid, Sudan 
. . 
Black B was employed (Baker, 1944). Tissues were placed in Sor~nsen's 
ten percent buffered formalin (Lillie, 1948) for fourteen days, with 
occasional changes to £res~ fixative. Thereafter the tissues were wash-
ed in d;istilled water for two to three hours, and embedded in tw~nty;; 
five percent gelatin after the method or Baker (~44). Arter trimming, 
the gelatin blocks were stored in ten percent formalin, buffered to pH 
seven, until the time of sectioning. Frozen sections were cut at a 
thickness of five microns on an American Optical freezing microtome 
supplied with liquid carbon dioxide as a coolant. Sections were,affixed 
to a clean albumenized microscope slide, stained with Sud.an.Black B 
(saturated solution in seventy percent ethanol) and counterstained with 
Mayer's haemalum (Lillie, 1948) after the method o£ Brenner (1955kas 
modified by Dixon (1956), and mounted in Kaiser's Glycerine Je~. 
35 
Electron Microscopz: Adrenocortical tissue to be prepared for 
electron microscopy was fixed in a:·one percent osmiUiii. tetroxide sol"U.tion 
buffered to pH 7.2 with Michaelis t veronal-acetate buffer•:.:after the 
technique described by Palade (1952b). The stock solutions were pre-
pared as follows: 
Stock Solution A: 0.1 Normal HCl 
Stock Solution B: Veronal-acetate buffer made up as follows: 
sodium acetate (NaC2H302•3HzD) 
sodium veronal (Barbitol) 
co2-free, freshly boiled double 
distilled water 
Stock Solution C: 2% aqueous Oso4• 
4.857 grams 
7.357 grams 
250 ml. 
All three. stock solutions were kept in a cold room at 4°C. The osmic 
acid stock solution was made up frequently in small amounts, and was 
not used if any evidence of contamination or decomposition was~bte~. 
The veronal-acetate buffer was not kept longer than thirty days, al-
though some workers obtain good results with buffer kept for longer 
periods. 
The .fixa.ti ve, prepared fresh for each fixation period, was made 
up in the following manner, g~ving a final concentration of one percent 
osmium tetroxide: 
Stock Solution A: 
Stock Solution B: 
Double distilled water: 
Sucrose: 
1 ml. 
1 ml. 
3 ml. 
o.s gram. 
These materials were mixed and the following added: 
Stock Solution C: 5 ml. 
The adrenal glands or autografts were removed immediately after 
sacrifice of each animal, and placed in a few drops of cold fixative. 
From the large piece of tissue, small specimens, approximately one 
cubic millimeter in size, were cut with a new clean razor blade and 
transferred to a stendor dish containing four or five milliliters of 
cold fixative. The tissue in fixative was tran~~erred to a cold room 
(4°0.) for ninety minutes, whereupon it was returned to the embedding 
ljOOm and allowed to warm to room temperature for thirty minutes. The 
total fixation time was two hours. The small pieces of specimen were 
then dehydrated for twenty minutes in each of the following solutions: 
50% ethanol, 70% ethanol, 80% ethanol, 95% ethanol, 100% ethanol, and 
100% ethanol. 
At this point the tissue~ were prepared for embedding in either 
methacrylate monomers or epo~ resins. Specimens to be embedded in 
methacrylate monomers were processed for twenty minutes in each of 
the following solutions: a 1:1 solution of 100.% ethanol and an 8:2 r> 
mixture of normal-butyl methacrylate and methyl methacrylate ~onomers, 
an 8:2 mixture of normal-butyl methacrylate and methyl methacrylate 
monomers, and two changes of an 8:2 mixture of normal-butyl methaceylate 
and methyl methacrylate monomers containing one percent weight/volume 
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of benzoyl peroxide as a catalyst. Individual specimens were then trans-
ferred to #2 gelatin capsules containing a mixture of 8:2 methacrylate 
monomers and catalyst, and placed in an oven at 55°0. overnight. 
Tissue specimens to be embedded in epoxy resin were transferred 
from the 100% ethanol to a 1:1 mixl:.ure of 100% ethanol and ttcomplete 
resin mixture" for one hour, after the technique of Luft (1961). The 
"complete resin mixture" is as follows: 
Mixture A: 
Epon 812 
Dodecenyl succinic anhydride (DDSA) 
Mixture B: 
Epon 812 
Methyl nadic anhydride (MNA) 
Accelerator: 
62 ml. 
lOOml. 
100 ml. 
89 ml. 
2,4~6-tri(dimethylaminomethyl)phenol (DMP-30}. 
A 5:3 ratio of MiXture A and Mixture B was stirred thoroughly, and, 
immediately before use, one and one-half to two percent volume/volume 
of accelerator DMP-30 was added, and again stirred thoroughly. This 
constitutes the "complete resin mixture'' referred to above. After one 
hour in the ethanol:resin mixture, the specimens were transferred to 
the "complete resin mixture'/, and then placed in #2 gelatin capsules 
containing the "complete resin mixture". The resin is cured by placing 
the capsules in an oven overnight at 35°C., the next day at 45°C., ~d 
the next night at 6Qoc. 
After removal of the gelatin capsule, the hardened plastic con-
taining the specimen was trimmed so as to form a small flat-topped 
pyramid, and sectioned by glass knife on a Porter-Blum microtome at 
a thickness of three hundred to eight hundred Angstrom units. 
The glass knives were made by breaking one-quarter inch thick 
plate glass according to the method of Cameron (1956). The final 
knife was parallelogram-shaped, ba.ving a forty-two degree angle at 
the cutting edge. A small tin boat, sealed to the knife with paraffin, 
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served as a reservoir for double distilled water, on which the tissue 
sections were floated. 
The tissue sections, floating in a ribbon-like manner, were picked 
up on small two hundred mesh copper grids (0.002 inch thick and 0.124 
inch diameter) which had been coated with a thin film of 0.18 percent 
Formvar and shadowed for forty-five seconds with pure carbon evaporated 
in a vacuum apparatus. The specimen sections were allowed to dry on the 
grid, and then they were placed in the specimen holder and observed in 
an RCA EMU Microscope, Model 3B at fifty kilovolts. ·Because of the poor 
contrast encountered with Epon-embedded sections, it was necessary to 
stain the sections in either a 50% ethanol solution of uranyl acetate, 
or a lead-cacodylate mixture after the technique of Karnovsky (1961). 
For purposes of tissue orientation, thick sections were made from 
the face of the block being sectioned for electron microscopy. These 
thick sections were observed by light microscopy. 
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IV. RESULTS AND OBSERVATIONS 
Since Brenner, Patt and Wyman (1953) reported the sequences of 
five cell types with respect to intracellular lipid during adrenocort-
ical regeneration, and since Patt, Dixon and Penney (1961) described 
mitochondrial, microsomal, and nucleolar changes associated with the 
lipid sequence, it appeared desirable to employ the tools of electron 
microscopy- in an attempt to elucidate events in cytoplasmic microstruc-
ture during regeneration, to explain the role of the lipid-free cell, 
and to clarify the exact fine structural changes of mitochondria which 
were observed grossly~th light and phase contrast microscopy. There 
follows such a study, and its correlation with previous work on intra-
musclar adrenocortical autotransplants. 
A. NORMAL INTACT ADRENAL GLAND 
. . 
In order, to establish a baseline to wlifuch fine structural obsez-... 
vations of regenerating adrenocortical autotransplants could be com-
pared, the normal intact adrenal cortex was selected as a control. The 
fine structure of the normal intact adrenal cortex of the rat has been 
described by several authors with general agreement as to structure. 
The cortex is composed of three distinct zones, each with slightly 
different characteristic variations in fine structure, and surrounded 
by a capsule. 
Capsule: The capsule of the adrena~ gland consists of a series 
of overlapping cells with intersp~rsed bundles of collagen fibers 
(Fig • .1). The periodic banding of six hundred forty lnstrom units can 
be noted in upper left, where fibers in both longitudinal or tangential 
and cross sections can be seen. The nuclei are long and oval in shape. 
~e endoplasmic reticulum of the ~ibroblast or fibroblast-like cells is 
extremely well developed, giving the typical "rough-surfaced" or gran-
ular appearance (Palade, 1955a) (Figs. 1, 21 and 36). Mitochondrial 
internal membranes are of the typical cristae or lamellar form. (Figs. 
1 and 21). A distinct basement membrane is present between the cap-
sule and parenchymal cells (Fig. 27). Numerous blood vessels are pre-
sent in the capsule. 
~ Glomerulosa: The cells beneath the capsule are small, some-
what rounded, and are rather tightly packed together. This area, the 
zona glomerulosa, possesses,large, irregularly shaped lipid droplets 
(Fig. 2?'. The most typical feature of this zone is the internal struc-
ture of the numerous, rather closely packed mitochondria, which permits 
.per ~ the identification of the zone (Sabatini and DeRobertis, 1961) 
(Figs. 2 through 5). The inner mitochondrial membranes are in the form 
of tubules, and may be seen, in favorable micrographs, to'be projections 
of the inner layer of the outer double membrane (Fig. 2). The tubules 
cut in longitudinal section reveal a double osmiophilic membrane of 
appr~~ateiY one hundred twenty Angstroms thickness, separated by an 
' 
osmiophobic space about one hundred Angstrom~ wide. The inner, less 
dense content of the tubule corresponds to the space between the double 
outer limiting membranes, with which it is continuous. The outer double 
membrane of the mitochondrion is composed of ·two osmiophilic layers sep-
arated by an osmiophobic space, with approximately the same respective 
measurements as those of the inner tubules (Fig. 3). Some idea of the 
EXPLANATION OF FIGURES 
Figure 1. Capsule of the nor.mal intact adrenal gland. 
Fibroblasts (f), with a well-developed granular 
endoplasmic reticulum (ger), are separated by 
collagen fibers cut in cross section (cfx) and 
longitudinal section (cfl). X 10,300. 
Figure 2. Two cells of the zona glomerulosa of the normal 
intact adrenal gland separated by adjacent c~ll 
membranes (em). Numerous mitochondria (m) with 
tubular fine structure, large irregular~-shaped 
lipid droplets (1) and free ribosomes (r) are 
present. Projections of the cell membrane (p) 
into the subendothelial space are noted. The 
inner membranes of the mitochondria are seen to 
be infoldings of the inner layer of the double 
outer mitochondrial membrane (i). X lS,soo. 
\ 
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EXPLANATION OF FIGURE 
Figure 3. High magnification of mitochondria (m) of the 
zona glomerulosa of the normal intact adrenal 
gland showing the tubular internal membranes. 
The nucleus (n) with its double-walled outer 
membrane is observed. X 58,000. 
... 
EXfL:ANA~ION OF FIGURES 
Figure 4. Portion of a cell of the zona glomerulosa of 
the nor.mal intact adrenal cortex. Internal 
tubular mitochondrial membranes cut in longi-
tudinal section, free ribosomes (r) and an 
~ 
agranular endoplasmic reticulum are present. 
X 42,200. 
Figure 5. Portion of a cell of the zona glomerulosa of 
the normal intact adrenal gland, ·showing an 
organized ~ered agranular endoplasmic ret-
iculum ( aer) and free ribosomes (r), as well 
as mitochondria. X 35,700. 
'"' 
• 
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various configurations the internal tubular mitochondrial membranes may 
assume c,an be seen in Figures 3 and 4• 
A rather homogeneous nu~leus can be seen (Fig. 3) surrounded by a 
double membrane having approximately the same measurements as noted above. 
Numerous small tubules are seen in the cytoplasm, probab:l;y portions 
of the smooth-walled or agranular endoplasmic reticulum. Ribonucleo-
protein particles or ribosomes are present in the cytoplasm, not at-
tached to the membrane component of the endoplasmic reticulum (Figs. 2 
through 5). The lower central portion of Figure 5 shows a layered 
membrane system composed of five layers of flattened sacs or cisternae, 
probably portions of an organized, agranulaP endoplasmic reticulum, or 
• 
possibly a portion of a Golgi apparatus. If Golgiform., the structure 
lacks the accompanying Golgi vacuoles. 
Occasiona~ small projections of the cell membrane may be seen 
penetrating the subendothelial space as described by Lever (1955b) 
{Fig. 2, upper left). 
Zona Intermedia: Based on the staining of the adrenal cortex with 
-
Sudan Black B, there is known to be a sudanophobic, or lipid-free zone 
separating the zonae glomerulosa and fasciculata. Sabatini and DeRobert-
is (1961) describe the larger size and increased numbers of mitochondria, 
and also the presence of small lipid droplets. Also characteristic of 
the zone is the "transitional" appearance of the internal mitochondrial 
membrane~, where both the tubUlar form of the zona glomerulosa and 
filamentous form of the zona fasciculata are found in the same mito-
chondrion. Figure 6 shows mitochondria with the transitional ntubulo-
vesicula.r" form of internal membranes, but the mitochondria, instead 
of being larger, appear to be slightly smaller. Also noteworthy is 
the presence of lipid or secretion droplets which are quite large, but 
lack the intense osmiophilia nor.ma!ly associated with lipid droplets 
(Fig. 6). Compared to the zona glomerulosa, cells of this zone seem 
less compact, and ribosomes do ndt ·seem as plentiful. 
~ Fasciculata: The cells which make up the zona fasciculata 
are characterized by the internal structure of the mitochondria, which 
appears in the for.m of vesicles, rather than tubules. The vesicles, 
which have a mean diameter of approximately five hundred l\ngstroms, are 
' 
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so tightly packed there is often no apparent mitochondrial matrix sep-
arating them (Figs. 7 through 10). The mitochondria also seemed to show 
a rather wide variability in size. Lipid droplets did not have the 
extreme osmiophilia (Fig. 9) found in the zona glomerulosa, and also 
were more widely spaced than those of the outer zone. They may be in 
very close proximity to mitochondria. The porous nature of the nucleus 
is clearly seen in Figure 9, where some of the nuclear pores have been 
cut tangentially. 
Once in a while mitochondria are seen in which the outer membrane 
has become discontinuous, and there appears to be a ttspilling out" of 
the inner vesicles and matrix (Fig. S). The numerous vesicles of the 
cytoplasm bear close similarity to the vesicles near the open end of 
these disrupted mitochondria. This phenomenon may be caused by the 
tangent at which the mitochondrion is sectioned. 
There are fewer free ribosomes in the cytoplasm of fasciculata 
cells as compared to cells of the zona glomerulosa. Upon occasion the 
free ribonucleoprotein particles become attached to the agranular 
EXPLANATION OF FIGURES 
Figure 6. Cell of the zona inter.media of the normal intact 
adrenal gland. Lipid droplets (1) show graded osmio-
philia, and the agranular endoplasmic reticulum is 
seen (aer). X 14,200. 
Figure 7. Cell of zona fasciculata of normal intact adrenal 
gland, with characteristic vesicular fine structure · 
(mv) of the mitochondria. X 20,100. 

EXPLANATION OF FIGURES 
Figure 8. Mitochondria of the ZDna fasciculata of the nor-
mal intact adrenal gland, one of which exhibits 
apparent discontinuity of external mitochondrial 
membranes (d). lipid droplets (1) are seen. 
X 22,500. 
Figure 9. Cell of the zona fasciculata of the nor.mal in--
• 
tact adrenal gland. Nuclear pores (np) sec-
tioned tangentiallY, lipid,agranular endoplasmic 
reticulum, and mitochondria are seen. X 17,700. 
" 
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EXPLANATION OF FIGURES 
Figure 10. Portion of a cell of the zona fasciculata of 
normal intact adrenal gland. A lipid droplet 
in close conjunction with mitochondria is noted 
and various configurations of the smooth-walled 
or agranular endoplasmic reticulum ( aer) are 
seen. X 24,6oo. 
Figure 11. Portions of three cells of the zona reticularis 
of normal intact adrenal gland. Villous pro-
jections of the cell membrane (p) penetrate the 
subendothelial space~(~es). X 18,800. 
\ 
'" 
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membranes, forming the granular endoplasmic reticulum. 
The subendothelial space is more extensive in this -zone, together 
with the tubular extensions and projections of the cell membrane into 
the space. Sinusoids, with very thin walls, are quite numerous in the 
zona fasciculata. 
~~Re~t-~~·c.ul~ar==i~s: One of the characteristics of this zone is the 
presence of light and dark cells. Presence of the light and dark cells 
in the inner zona fasciculata probably exists as well, but the junction 
between the zones is quite indistinct. The dark cells appear to be 
packed with mitochondria, lipid, ribosomes, and vesicles (Fig. 11). 
These characteristics suggest that the dark cells, on the whole, are 
physiologically more active than the light cells e~ the zone. Var,r-
ing amounts of lipid may enst within different dark cells in the 
region, possib~ indicative of different phases of hormone production. 
The mitochondria of the zone have the same characteristics as 
those of the zona fasciculata, in being filled with the vesicular form 
of internal structure. Whereas Sabatini and DeRobertis (l961) report 
irregular mitochondria with a high degree of vacuolation, indicative 
of degeneration, no such mitochondria were encountered in this study. 
The granular endoplasmic reticulum and free ribosomes are present as 
well. 
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B. REGENERATING AUTOTRANSPLANTS 
1. ~ ~ Autotransplant 
Similar to the light microscopic observations on the transplant 
of two days regeneration, the presence of vast quantities of intra-
cellular lipid be,St characterizes or identifies the viable tissue in 
this early stage of regeneration (Figs. 12 through 17). The lipid which 
has wide variation in size, stains intensely dark with osmium tetrox-
ide, similar to that of the nor.mal zona glomerulosa. The free ribo-
nucleoprotein granules are rather prominently dispersed in the cyto-
plasm, as is the granular endoplasmic reticulum (Figs. 12, 14, 16 and 
18 through 20). 
Figure l2 is noteworthy in that it shows BJ?. erythrocyte located 
between two parenchymal cells in the subendothelial space. No vessel 
walls are discernible, other than the cell membranes. At this age of 
regeneration, there is an extensive penetration of erythrocytes, fib~o­
blasts, and phagocytes into the area of viable tissue. Figure 19 shows 
a fibroblast at the left, immediately adjacent to the·parenchymal cells. 
The fine structure of the mitochondria, which are concentrated 
between lipid dP,oplets, change d'ilring this early stage. Since the sur-
viving tissue is of glomerulosal origin, it would be assumed that the 
mitochondrial structure would have the characteristic tubular for.m. 
Indeed some mitochondria are tubular (Figs. 12 and 14 through 20), but 
quite often (Figs. 12 and 14 through 16) the mitochondria exhibit in-
ner membranes in the form of cristae and lamellae, rather than the tub-
ular for.m of the normal zona glomerulosa. 
EXPLANATION OF FIGURES 
Figure 12. · Static cell of two day autotransplant, showing 
erythrocyte (rbc) between cell membranes, mito-
chondria (m) with tubular or lamellar internal 
structure, free ribosomes (r) and numerous lipid 
droplets (1). X 16,500. 
Figure 13. Static cell of two day autotransplant, showing 
numerous osmiophilic lipid droplets (1). 
X 14,200. 
• 
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~LANATION OF FIGURES 
Figure 14. Portion of a static cell of two day auto-
transplant, showing lamellar structure of 
mitochondria, numerous lipid droplets, and 
the rough-walled or granular endoplasmic 
reticulum (ger). X 17,400. 
Figure 15. Portion of a static cell of t11o day auto-
transplant, showing mitochondria (m) with 
lamellar or cristae-like internal structure. 
X 17,400. 
" 
EXPLANATION OF FIGURES 
Figure 16.. Portions of two static cells of a two day auto-
. 
transplant, showing mitochondria with ~ternal 
cristae and granular ~ndoplas.mfuc reticulum (ger) .. 
X 20,300. 
Figure l7. Portion o~ a static cell of a two day auto--
transplant, showing variation .in size of 
~pid droplets. X 9,500. 
. / 

EXPLANATION OF FIGURES 
Figure 18. Portion of a static c~ll of ~ two day auto-
transplant, showing mitochondria wi.th lamellar 
and tubular internal membranes, free ribosomes 
( r), and granular endoplasmic reticulum ( ger). 
X 27,500. 
Figure 19. Portion of a static cell of a two day auto-
transplant, showing tubular mitochondria. 
Portion of a fibroblast is seen at the left. 
X 21,300. 
' I 
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EXPLANATION OF FIGURES 
Figure 20. Portions of two viable static cells of a two 
day autotransplant, showing both fr.ee ribo-
somes and granUlar endoplasmic reticulum. 
X 21,300. 
Figure 21. Capsule of four day autotransplant, showing 
fibroblasts (f) which are slight~ edematous, 
and collagen fibers cut in various planes. 
X 14, 500. 
{ 
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Inasmuch as approximately ninetY--Six percent of the transplant 
is composed of degenerating tissue at this age (Penney, Dixon and Patt; 
1960), a des~ription of fine structUral changes is included. Necrotic 
. I 
cells exhibit a hollowing of the mitochondria (leaving a mere shell 
with no internal membranes), an excessive clumping and vacuolation of 
the nucleus, even to the point of disintegration of the nuclear mem-
branes, and an extensive vacuolation of the cytoplasm. These cells may 
contain large quantities of lipid, bu~ it is usually vacuolated. Gen-
eral lack of a healthy appearance prohibits calling these cells viable, 
in spite of the presence of large amounts of lipid. There is a de-
finite scarcity of dark cells among the necrotic tissue, but when one 
is found, degeneration does not seem as far advanced, possibly indi- · 
cative of a healthier or more active cell at the time of transplanta-
tion. 
A feature of degenerating' cells is the presence of a small gran-
ular fraction, slightly larger than ribosomes, which may clump to 
attain the size of small mitochondria. The exact significance of this 
is not known, but it·is interesting to speculate how this fraction 
might contaminate microsomal and mitochondrial fractions in differen~ 
tially centrifuged transplants. 
3· ~ Jl!.Z Autotransplant 
Cells of four days of regeneration, corresponding to the "transi-
tional" stage of the lipid sequence, have an abundance of highly osmio-
philic lipid, but it is in the form of smaller, more widely spaced 
droplets, ~than is present in two day transplants (Figs. 22 through 27). 
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EXPLANATION OF FIGURES 
Figure 22. Transitional cell of four day autotransplant, 
showing mitochondria (m) 'With tubular internal 
membranes, and small r01md lipid droplets. 
X 12,000. 
Figure 23. Portion of a transitional cell of a four day 
-:.•, autotransplant, showing the organized granular 
endoplasmic reticulum (ger}, free ribosomes and 
large irregularly shaped, dense lipid droplets. 
X 23,200. 
" 
EXPLANATION OF FIGURES 
Figure 24. Transitional cell of a four day autotrans-
plant, containing mitochondria (m) with tub-
t~:?. ular or lamellar fine structure and a granular 
endoplasmic reticulum (ger). X 23,300. 
Figure 25. Transitional cell of a four day autotrans-
plant. Mitochondria have tubular or lamellar 
internal membranes. The granular or rough-
walled endoplasmic reticulum, free ribosomes (r) 
and layered endoplasmic reticulum (ler) of the 
smooth variety are seen. X 23,200. 

EXPLANATION OF FIGURES 
Figure 26. Transitional cell of a four d~ autotrans-
plant. The nucleus (n), with double-walled 
nuclear membrane, granular endoplasmic reticu-
lum and lipid droplets are seen. Attention is 
called to the continuity of the outer nuclear 
membrane (c) with the cisternae of the endo-
plasmic reticulum. X 10,500. 
Figure 27. Portion of two transitional ~ells of a f.our day 
autotransplant, showing mitochondria of the tub-
ular type and lipid. X 12,000. 

The lipid droplets may be small and round, or large and irregularly s 
shaped (Figs. 22 and 23, respectively). Occasionally (Fig. 25) a large, 
less osmiophilic lipid droplet is seen in the same cell containing 
smaller, highly osmiophilic droplets •. 
The connective tissue capsule, which is just beginning to build 
up around areas or viable tissue, appears much the same as that or the 
normal intact gland, with the bundles or collagenous fibers in oblique 
and cross sections and numerous overlapping fibroblasts (Fig. 21) The 
capsule or the two and four day transplants differs from the capsule 
of the nor.mal gland in the slight edematous appearance or the £ibro-
blasts and the uptake or lipid of the degenerating cells by some of 
the fibroblasts, a condition described by Brenner, ~ !! (1953) using 
light microscopy. 
As in the previous transplant age' mitochondria or four day trans-
plants exhibit internal structure or the tubular form (Figs. 22 through 
27). However, the frequency o£ the lamellar or cristae arrangement is 
reduced slightly from what is observed in two day transplants. 
The quantity of free ribosomes in the cytoplasm of four day trans-
plant~ se~ma·to be markedly reduced, but. the incidence ~r~a gran~ar 
endoplasmic reticulum is rather well developed (Figs. 22 throUgh 26). 
Th~·'agran~~r endoplasmic reticulum and vesicles or the cyto~lasm re-
ported for normal glands is greatly reduced in four day transplants, 
probably being replaced by the granular or rough-walled variety. Fig-
ure 26 shows the continuity of the outer nuclear membrane with the 
cisternae or the endoplasmic reticulum rather well. 
Although no Golgi vacuoles are seen, the flattened cisterae, 
rather prominent in Figure 25, may be either Golgiform in nature, or 
organized endoplasmic reticulum. 
RarelY a cell is seen which is practically all nucleus, containing 
very little cytoplasm. If this cell has not been sectioned at an angle 
such as to give this appearance, it could conceivably be a newly divid-
ed_:cell. It should be pointed out, however, that no mitotically divid-
ing cells were observed in this study. 
4. Seven Dax Autotransplant 
The seven day transplant, characterized by the absence of intra-
cellular lipid, likewise reveals no lipid when examined by the electron 
microscope. Occasionally, very small, dense structures, having little 
internal structure, are noted (Figs. 28 and 29). These could be similar 
to the "mi-crobodies" of Sabatini and DeRobertis (1961). 
The mitochondria are more numerous in transplants of this age, and 
their size may show widespread variation, as noted in Figure 28. The 
elongated mitochondria, which appear to be constricting in the middle, 
could actually be undergoing mitochondrial division by a process of 
"pinching off". 
The mitochondrial fine structure shows the first indications of 
changing from the tubular to the filamentous form at this age (Figs. 
28·and 31).· The tubular type-is still present (Figs. 29 and-30), b~t 
what appears·to be the beginning of zonation on the organelle level is 
observed.·~ The mitochondrion at 'the'lowerr~center of Figure 29 clearly 
exhibits the infolding of the inner limiting membrane to form the inter-
nal tubUles. 
The endoplasmic reticulum seems to be reverting back to the smooth 
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Figure 28. Empty cell of the seven day autotransplant, 
showing mitochondria 'With tubular (mt) and 
lamellar (ml) fine structure. Note the var-
iability in mitochondrial size and the pr0minent 
invagination of the inner layer of the outer 
mitochondrial membrane (i). X 13,700. 
Figure 29. Empty cell of seven day autotransplant. The 
nucleus (n), with its double-walled outer mem-
brane, mitochondria 'With lamellae, and the in-
vagination of the inner layer of the outer mito-
chondrial membrane (i) to form the lamellae are 
noted. X 31,800. 
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EXPLANATION OF 'FIGURES 
Figure 30. Portion of an empty cell of the,seven qay auto-
transplant, with numerous mitochondria and some 
granular endoplasmic reticulum (ger) present. Note 
the layered membranes of the agranular endoplasmic 
reticulum in juxtaposition to the mitochondrion 
(arrow), and the projections (p) of the cell -mem-
brane into the sinusoidal space. X 31,400. 
Figure 31. Portion of an empty cell of the seven day auto-
transplant. ~,X"!2.3, 200. 
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type, but has not complete:cy done so (Fig. 30). Noteworthy is the man-
ner in which the endoplasmic reticulum, both smooth and rough in the 
same region, has wrapped itself around the mitochondrion so as to give 
the appearance of four outer mitochondrial membranes (center portion of 
Fig. 30). The increase in small vesicles and tubules within the cyto-
pla~-gives the gland a more normal appearance. 
Villous or tubular projections of the cell membrane into the sub-
endothelial space are noted at the left in Figure 30. 
Usually, by this time, the connective tissue capsule has surround-
ed the viable tissue, walling it off from the necrotic material. 
5. Fourteen Day Autotransplant 
In the sequence of five cell types with respect to intracellular 
lipid (Brenner, §! !1, 1953), the "granular" cell, composed of many fine, 
evenly-spaced lipid droplets, characterizes the fourteen day transplant. 
Examination of this tissue with the electron microscope reveals the pres-
ence of lipid droplets, but they are not the dense~ osmiophilic type 
present in the early ages of regeneration {Figs. 32, 33 and 35). The 
size of the droplet is usually small, being approximately the size of 
mitochondria. 
Although there is evidence of cortical zonation in the trans-
plant as judged by histological criteria, most of the mitochondria 
exhibit the vesicUlar type of ~ine structure;:~~th a limited expres-
sion of the typical glomerulosal tubular form (Figs. 32 through 35). 
The tubular form seemed to be limited to the very small mitochondria 
{Fig. 34). Some of the mitochondria show variation in the degree of 
EXPLANATION OF FIGURES 
Figure 32. Granular cell of the fourteen day autotrans-
plant. Note the yesicular enternum of the mito-
chondria~ the increase in free ribosomes (r),_and 
the extensive network of the endoplasmic reticulum 
of both the granular and agranular types, partic-
ularly the layered arrangement at the lower left. 
X 17,400. 
Figure 33~ Granular cell df the fourteen day autotransplant, 
illustrating the increase in" free ribosomes, 
rather unique forms ·of the mitochondria, and 
lipid d~oplets. X 18,500. 
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EXPLANATION OF FIGURES 
Figure 34. Portions of two granular cells of a fourteen 
day autotransplant, with the cell membranes (em) 
and both granular and agranular endoplasmic 
reticulum present. X 21,300. 
Figure 35. Portion of a granular cell of a fourteen day 
autotransplant. Note the projections of the 
cell membrane into the subendothelial space 
(upper portion of illustration) and the lipid 
droplets. This is a dark cell, encountered for 
the first time in adrenocortical regeneration 
at this transplant age. The mitochondria are 
numerous and somewhat tightly. packed. X 17,400. 
• 
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density (Fig. 32). 
The cytoplasmic membrane system is extremely well developed at 
this age. Granular, but predominantly agranular vesicles and cisternae 
of the endoplasmic reticulum are prominently displayed. The smooth-
walled membranes are in close association w.ith the mitochondria (Figs. 
32 and 34)' often forming "cap-like" layers about them.. Layered flat-
tened sacs, con~tituting part of the Golgi apparatus or organized endo-
plasmic reticulum, are observed (Figs. 32 through 35), and appear in 
close relationship to the nuclear membrane, mitochondria, and lipid 
droplets. 
Clearly defined cell membranes are seen in Figures 34 and 35, 
the latter of which also displays cell membrane projections into the 
subendothelial space. 
· Dark cells, identified by the denser osmiophilic cytoplasm, are 
encountered for the first time in regenerating tissue at fourteen days 
of· regeneration (Fig. 35). Again in the dark cell, the mitochondria 
appear to·be more numerous and more closely packed. 
6. Twenty~ Daz Autotransplant 
Zonation appears to be relatively complete in the transplant 
that has regenerated twenty-one days. Beneath the capsule, which is 
similar in structure to that surrounding the ,normal gland, the cells 
contain numerous mitochondria which possess the tubular form of in-
ternal membranes (Figs. 36 through 39). Attention is directed to 
Figure 38, where the tubules are often in t~e form of horseshoes. 
The similarity to Figure 3 of the normal zona glomerulosa is rather 
striking. 
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EXPLANATION OF FIGURES 
Figure 36. Mature or adult cell of the twenty-one day 
:''"'''·:.··~~·-.autotransplant. The cell classified as a 
dark cell~ is .~haracteristic of the zona glo-.. , 
merulosa in having tubular mitochondr~a. Pro-
jections of the cell membrane~ free ribosomes~ 
and an overall "packed" cytoplasm are noted. 
Portions of the connective tissue capsule are 
seen at the top of the picture. X 17,400. 
Figure .37. Mature cell of the zona glomerulosa of a twenty-
one d~ autotransplant. Projections of the cell 
membrane (p), numerous ribqsomes (r), and mito-
chondria with tubular internal membranes are 
noted. X 17,400. 
.. 
EXPLANATION OF FIGURE 
Figure 3S. Cell of the zona glomerulosa of the twenty-
one day autotransplant, showing the tubular 
arrangement of the inner mitochondrial mem-
branes. Compare this figure with Figure 
3, noting in particular the similarity of the 
tubular configurations. Numerous free ribo-
somes (r) and villous projections of the cell 
membrane are observed. X 27,700. 
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EXPLANATION OF FIGURES 
Figure 39. Portions of three dark cells of the zona glo-
merulosa of the twenty-one day autotransplant. 
Smaller lipid droplets are noted. Cell at the 
lower right has zona fasciculata character-
istics. X 17,400. 
Figure 40. Cell of the zona .fasciculata of the twenty-
one day autotransplant. Vesicular mitocondria 
are present. X 23,200. 
., 
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EXPLANATION OF FIGURE 
Figure 41• Cell of twenty-one day autotransplant ex-
hibiting numerous free ribosomes and pro-
jections of cell membrane. X 26,00. 

EXPLANATION OF FIGURES 
Figure 42. Zona fasciculate cell of the twenty-one d~ 
autotransplant, showing vesicular mitochondria, 
projections of cell membrane, lipid droplets, 
and free ribosomes. X 25,200. 
Figure 43. Zona glomerulose cell of a sixty day auto-
transplant, with characteristic tubular mito-
Chondria. X 23,200. 
" 
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The vesicular structure of mitochondria, characteristic of the zona 
fasciculata, is noted in Figures 40 and 42. In this zone the mitochon-
dria do not seem to show as much variation in size and are usually more 
Tound~, or oval, than are mitochondria of the zona glomerulosa. The 
. . 
zona reticularis is poorly defined and its characteristics are similar 
to those of the zona fasciculata. 
The intracellular lipid, on which the classification of the "adult" 
cell type of the twenty-one day transplant is ascertained, appears to 
be highly osmiophilic and irregular in shape in the zona glomerulosa 
' (Figs. 37 and 39), although some rounded lipid droplets are found (Fig. 
38). The lip,id of the zona fasciculata appears to be smaller, slightly 
less osmiophilic, and more regular than glomerulosal lipid (Fig. 42). 
For the most part the· ribonucleoprotein exists in a free state and 
the 'vesicles of the cytoplasm· are of the smooth type (Figs: 36 through 
42), althoUgh some rough-surfaced endoplasmic reticulum is not~d, (Figs. 
~ .. r~ ..... 
39, 41 and 42). The cytoplasm as a whole seems to be quite compact 
and filled with various organelles, an observation noted earlier for 
the normal gland. 
The projections of the cell membrane into the subendothelial space 
are observed (Figs. 36 through 42), with collagen fibers (identified by 
the periodic banding) occasionally penetrating the intracellular spaces 
(Fig. 37). 
The presence and arrangement of light and dark cells is somewhat 
unique in the three week old transplant. Heretofore dark cells have 
been encountered only in the inner cortical zones, but at tw~nty-one 
days, dark cells appear throughout the cortex. Figure 36 shows a dark 
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cell, with its compact cytoplasm and glomerulosal features, to be located 
in the zona fasciculata-reticularis as well. Figure 39 shows three dark 
cells at the junction of the zonae glomerulosa and fasciculata, wherein 
the cell at the lower right has fascicular characterist~cs and the other 
two cells glomerulosal features. The cytoplasm of the dark cell~is de-
finitely more compact and dense than that of the light cell (compare 
Figs. 39 and 40). 
7. Sixtz Da:v Autotransplant 
After regenerating for a period of two months, adrenocortical 
transplants show all the characteristics of the normal intact gland, 
except for the absence of medullary cells and the zona intermedia or 
lipophobic zone, as stained with Sudan Black B. 
The capsule is typical, as described for the normal intact gland. 
The mitochondria of the zona glomerulosa give the typical tubular appear-
ance (Fig. 43), and those of the zonae fasciculata and reticularis the 
normal vesicular arrangement (Figs. 44 and 45). The. arrangement of lipid 
droplets in all three zones is not unlike that of the normal gland. 
Dark cells seem to predominate in the inner zona fasciculata and 
zona reticularis. They still show no signs of degradation. Dark cells 
in the zona glomerulosa and outer fasciculata were not enc0untered. 
The existence of free ribosomes, smooth-walled vesicles, roughened 
endoplasmic reticulum, and generally "livel:ft' appearing cytoplasm, all 
show characteristics similar or identical to what was described earlier 
for the normal intact rat adrenal cortex. 
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EXPLANATION OF FIGURES 
Figure 44. Mature cell o£ the zona fasciculata of a sixty day 
autotransplant. Note the typical vesicular mito-
chondria and lipid droplets. X 16,500. 
Figure 45. Mature cells of the zona reticularis of a 
-
sixty day autotransplant. Note the dark cell 
in the lower right. The presence of dark cells 
is limited to the inner zona fasciculata and 
zona reticular~s after sixty days of regeneration. 
X 12,000. 
/ 
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V. DISCUSSION 
A. NORMAL INTACT ADRENAL GLAND 
1. Techniques 
Considerable difficulty has been experienced with the prepara-
tion of adrenocortical tissue prior to its observation in the electron 
microscope. Among the more frustrating of these difficu+ties have been 
cellular disruption, intracellular vacuolation, and overall sepa~ation 
of cells and cell contents. Part of the intracellular vacuolation has 
been overcome by some workers (Sabatini and DeRobertis, 1961) by the 
use of a standard one percent osmium tetroxide solution buffered to 
pH 7.2, which contains a balanced ion solution rather than sucrose 
to control osmotic pressure. Lever (1955b, and subsequent invest-
igations) and Luse (1961) have chosen Daltoro1 s fixative, a chromate-
osmium tetroxide mixture. Although excellent for some types of tissue, 
it seems rather harsh for adrenal fixation. In his discussion on fixa-
tion, Pease (1960) says the chromate ions of Dalton's fixative pene-
trate faster than the osmium complexes and probab:cy- do more harm than 
good to the cell organelles. Palade's fixative (1952c) has eliminated 
much of the vacuolation encountered in adrenocortical tissue by Lever 
and Luse. In the present investigation the author has used standard 
one percent osmium tetroxide with sucrose, and reduced cellular vacuo-
lation. 
Another cause of separation and vacuolation has been the use of 
methacrylate monomers as an embedding medium. Although still wide:cy-
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used, the methacr,rlates are being replaced by epo~ resins, such as 
Epon 812, and po~ester resins, such as Vestopal w. The main advant-
ages of these new resins are the reduction in polYmerization damage 
and excellent preservation of fine structure. Although all previous 
electron microscopy of the adrenal cortex has employed methacr.ylate as 
an embedding medium, most of the adrenocortical tissue on which the pre-
sent investigation is based was embedded in Epon 812, after the technt• 
que of Luft (1961). Any difficulty in sectioning using Epon is far out-
weighed, in the opinion of the author, by the high degree of cellular 
preservation. 
2. Mitochondrial Membranes 
Among the various electron microscopic examinations of adreno-
cortical tissue, there is widespread report of a disruption of the 
mitochondrial outer membranes (Lever, 1955b; Sabatini and DeRobertis, 
1961; Luse, 1961). Luse (1961) describes' the fusion of the outer mito-
chondrial membranes to the membranes of the ergastoplasm. Although I 
have encountered such a membrane breakdown (Fig. 8) in the zona fasci-
culata of normal gland, it has not been observed with the apparent reg-
ularity that Lever (1955b), Sabatini and DeRobertis (1961) and Luse 
(1961) suggest. Perhaps this can be partia~ explained by the choice 
of Epon 812 as an embedding medium. Although I have not seen mito-
chondrial disruption as clear~ as is demonstrated by Luse (l961), I am 
not complete~ convinced such disruption is real and suggest it may be 
caused by tangential sectioning and/or enhanced by polymerization 
damage. 
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3. Significance 2! Light ~ ~ Cells 
The presence of light and dark cells in the adrenal cortex has 
been known since Mulon (1911) and Hoerr (1931) described them for light 
microscopy and Lever (1955b) for electron microscopy. Hoerr (1931) post-
ulated the dark cells were degenerating. Lever (1955b) suggests they 
are associated "With a functional secretory cycle, and are probably "young-
er" cells than are the light cells, arising ~novo by mitosis, or re-
formed from light cells by mitochondrial regeneration. The overall com-
pactness of the dark cells, containing numerous mitochondria and lipid 
I 
d~oplets, and their increase in frequency during regeneration lead me 
to agree with Lever, that these cells are indeed active. However, since 
t!).ey are present for the first time in fourteen day transplants, and 
rather common one week later, these cells may not be "younger" in the 
seyretory cycle, bu~ may poss~bly be in either a hyperactive condition 
or at the peak of their normal secretory cycle. Ashworth, Race and 
. 
Mollenhauer (1959) report a substantial increase in dark cells in the 
zona fasciculata following exogenous ACTH administration. If the dark 
cells are at the peak of the ~ormal secretory cycle, then their con-
c~p~r~t~~ presence in the inner:mos~ areas of the cortex of th~,normal 
intact gland would in part support Symington's theory (1960) that the 
zona reticularis is the most active s~te of hormone manufacture. An 
argument against the possibility of the dark cell being a hyperactive 
condition is that the,"empty" cell, presumed to be in a hyperactive 
secretory condition, does not appear darkly osmiophilic. 
B. ADRENOCORTICAL REGENERATION 
1. Cellular Origins 
Regeneration of enucleated or transplanted adrenocortical tissue 
by centripetal proliferation is wide~ held (Ingle and ~ggins, 193S; 
Turner, 1939; Greep and Deane, 1947; Everett, 1949; Brenner, Patt and 
Wyman, 1953; Brenner, 1955). Although the capsule has been tho~ to 
contribute to the regeneration process by a transformation of £ib~o­
blasts to parenchymal cells (Skelton, 1959; Sabatini, Bleichmar and 
DeRobertis, 1960), such a contribution was not considered like~ by 
Greep and Deane (1949a) for~enubleatedtglandsr ... or Jb~ Brenner (1955) for 
intramuscular autotransplants. Brenner (1955) also observed lipid drop-
lets in the fibroblasts of the capsule, an observation substantiated 
in young transplants by the author, using the electron microscope. 
I did not observe mitotic figures at any stage, or capsular involve-
ment as a source of parenchymal cells. 
Brenner (1955) has concluded that regenerating adrenocortical cells 
pass through the lipid sequence beneath the capsule, and then are push-
ed inward aw~ from the capsule in the direction of growth by the young-
er descendant types. Ingle (1951) attributes this phenomenon to the 
regulating influence of ACTH on regeneration, which is manifest on the 
more pe~pheral cells of the transplant. Personal observations support 
Brenner's conclusions in that cells nearer the capsule appear more ma-
ture than cells nearer the center of the implant. 
2. Cellular Function: • Normal Intact Gland 
.In~he normal intact adrenal gland, numerous reports describe the 
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mitochondria of the zona glomerulosa as being characterized by the pos-
session of a tubular internal structure and mitochondria of the zonae 
fasciculata and retj:cularis by a vesicular internal structure. Further-
more, reports by Deane, Shaw and Greep (1948), Greep and Deane (1949b), 
Stachenko and Giroud (1959a and b) and others describe a functional 
zonation in the adrenal cortex in which the zona glomerulosa secretes 
mineralocorticoids and the zonae fasciculata and reticularis, under the 
control of the adenohypophysis, secrete glucocorticoids. These two 
observations, coupled with the report of H~ano, ~ ~ (1956) that most 
of the enzymes active in corticosteroidogenesis are localized on the 
mitochondrion, strongly suggest a possible close correl~tion between 
structure and function, in which different spatial enzyme sequences or 
arrangements may be required for mineralocorticoid and glucocorticoid 
biosynthesis, which would be supplied by the tubular and vesicular in-
ternal mitochondrial structure, respectively. The vesicular structure 
of the mitochondrion· of the zonae fasciculata and reticularis appears 
to contribute more surface area to the internal membranes, a condition 
of possible importance in the spatial arrangement of enzymes. 
Although adrenocortical mitochondria with tubular 0r vesicular 
internal structure differ from the more common arrangement of mitochon-
drial cristae of most other cells, mitochondria of other tissues~ such 
as the corpus luteum, testis and placenta (Belt and ~ease, 1956; Chris-
tiansen and Fawcett, 1961) display this peculiar membrane arrangement. 
One common characteristic is Shared by- all .. of these tissues, namely' the 
secretion of steroid hormones. In fact, Belt and Pease (1956) have 
reported that the tubular or vesicular form of intramitochondrial 
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membranes are characteristic of steroid secreting cells. Since the 
general biosynthetic pattern of steroidogenesis appears to be quite 
similar in the testis, ovary and adrenal cortex, and since mitochondria, 
similar in the three tissues, have been described as the sites or many 
enzymes involved in steroidogenesis (Hayano, ~ !J:, 1956), this appears 
to be a case of a definite association of intramitochondrial structure 
with chemical ~thesis. 
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Numerous investigators have shown that the areas of the cell which 
exhibit histochemical basophilia are the areas wherein the endoplasmic 
reticulum is concentrated. Cytologists long have attri~uted a secretory 
function to the basophilic component of cells. Palade (1955a) has shown 
that the basophilia resides in a small particulate cytoplasmic component 
associated with the surface of the membranes of the endoplasmic reticulum. 
These granules of ribonucleoprotein are known to be actively involved 
in protein synthesis (Palade and Siekevitz, 1956). Another structural 
similarity of steroid secreting tissues is the presence of a smaoth-
walled or agranular endoplasmic reticulum ( Chri~;?tiansen and Fawcett, 
1961). Whereas most of the agranular reticul~:is broken into smaller 
tubules, Christiansen and Fawcett (1961) have shown the tubules to be 
interconnected in the interstitial cells of the opossum testis. Inasmuch 
as some of the enzymes for steroidogenesis are found in the microsomal 
fraction of differentiaDYcentrifuged steroid-secreting tissues, the 
conunon structural similarity of smooth walls or agranularity or the 
endoplasmic reticulum tempts one to think that tissues serving a similar 
function of steroid secretion possess the same morphological framework 
in which to carry out this function. 
It is interesting to speculate on the different degrees of osmio• 
philia of the lipid droplets in the zonae glomerulosa and fasciculata, 
where they are deeply and moderately osmiophilic, respectively. Since 
the two zones have been shown to have separate functions (Greep and 
Deane, 1949b; Lever, 1956b; Giroud., ~ sJ., 1956; Stachenko and Giroud., 
1959a and b), the differences in osmiophilia could conceivably represent 
either different hormones or intermediate byproducts, or both. Clarifi-
cation of these observations would require support from autoradiography 
and biochemistry • 
.3. Cellular Function: Regenerating Autotransplants 
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Mitochondria of the static cell state of adrenoc~rtical regeneration 
exhibit a modification of the normal pattern of mitochondrial fine 
structure, in that the majority of the internal membranes appear as 
cristae or lamellae, rather than as tubules, so characteristic of 
glomerulosal cells. That the tubular form should predominate over the 
vesicular type is expected, since the viable cells are of glomerulosal 
origin, but the increase in the lamellar form is interesting. Since the 
mitochondria have been given such importance in corticosteroidogenesis, 
the increased frequency of the lamellar form suggests mineralocorticoid 
manufacture may be the prime function. 
The change in mitochondrial fine structure to cristae or lamellae 
suggests still another function of the static cell of two days of re-
generation. It has been shown histochemically that the static cell is 
rich in intracellular lipid (Brenner, ~ ~, 195.3; Brenner, 1955; Patt, 
Dixon and Penney, 1960). This phenomenon is interpreted as a storage 
of hormone. While hormone is stored, there is little need for 
mitochondria to be involved in the manufacture of new hormone. There-
fore, the mitochondria may be thought to assume the lamellar structure 
to serve as the s~tes for oxidative enzymes, a situation typical of most 
other cells (Schneider, 1953; Lindberg and Ernster, 1954), wherein 
mitochondria are not involved in hormone synthesis. 
One of the most important factors governing the success or fail-
ure of a transplant is the extent and/or rapidity With which the trans-
plant is vascularized in the new site. Brenner, ~ l!l (1953) and Bren-
ner (1955) have reported cells of the adrenocortical autotransplant of 
two days of regeneration to be filled with intracellular lipid, indi-
cative that the cell is storing hormone. Since the blood supp~ is 
interrupted for a period of three or four d~s after transplantation 
(Skelton, 1959), intracellular lipid could be conceivab~ temporari~ 
"locked" within the cells up to four days of regeneration. Infiltra-
tion of the graft with blood vessels at approximate~ four days of 
regeneration permits a means whereby the hormone can be released. A 
gradual decrease in stored lipid, as exhibited by the transitional 
cell iltatep6f Brenner, ~ ~ (1953), proceeds to a condition in. which 
the cell is lipid-free-, the so-called empty cell state, l>Iherein the 
hormone is secreted as fast as it is synthesized. Later, at fourteen 
days of regeneration, lipid is being stored once again, a condition 
which persists thereafter. 
Another view, which I believe feasible, is suggested by the 
electron microscopic ob~ervations of regenerating autotransplants. 
Animals with intramuscular autotransplants are maintained on a one 
percent saline solution for seven days following transplantation, a 
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procedure desirable for a high percentage of survival of the animals 
(Farris and Griffith, 1942). Thus saline support reduces the actual 
survival pressure over this period. During ~his time increased ACTH 
is being secreted from the anterior pituitar,r, and, although circulating 
ACTH in the blood is rapid~ inactivated (Pincus, Hopkins and Hechten, 
1952; Hopkins, Terner and Pincus, 1961), when vascularization of the 
transplant is established, ample impetus for co~ticosteroidogenesis is 
present to the surviving tissue. ACTH has been known to stimulate the 
activity of ribonucleoprotein in the adrenal cells, producing hyper-
trophy and in~reased protein synthesis (Bransome and Reddy, 1961). 
Associated with this ACTH secretion, and perhaps equal~ as important 
in regeneration, is the secretion by the hypophysis of growth hormone, 
which is known to produce cortical hyperplasia in adrenal cells (Bran-
some and Reddy, 1961). The influence of.ACTH directed at protein and 
steroid synthesis and of growth hor.mone on cell division could produce 
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a dual action to initiat~ rapid growth in volume and also to activate 
secretion, particular~ during the last few days of the period of saline 
therapy, after vascularization of the transplant has been established 
~Skelton, 1959). Results of the present electron microscopic investiga-
tion have shown cells of the two, four and seven day transplants to be 
well developed in their content of rough-walled or granular endoplasmic 
reticulum, known to be act;ive in protein synthesis, with the most ex-
tensive development occurring at four days of regeneration. Therefore, 
the regenerating transplant could be actively concerned with increasing 
the numbers and size of the viable cells during this seven day period 
of salt therapy, as well as being concerned with hormone production. 
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When salt therapy is discontinued after one week, the transplant has 
enough functional tissue to support the animal. 
Inasmuch as the granular endoplasmic reticulum is so well developed, 
the four day "transitional" cell may have most of its efforts channeled 
to protein manufacture, as lipid is still present in the viable cells 
in excess of the normal state. The "empty" cell, its stored lipids 
having been depleted, is thus considered to be carrying on two functions 
simultaneously, namely, the maximal production and release of hormone, 
and the extensive synthesis of new protein for cellular growth. 
The granular cell stage, or fourteen day transplant, demonstrates 
pronounced reduction in the quantity of granular endoplasmic reticulum 
and also appears to be storing hormone, as shown by the presence of 
\ 
lipid droplets. Of the two functions, growth and secretion, the major 
function of transplants of this age is considered to be the latter, al-
though the former is not to be dis.regarded. The older transplants, be-
ing more like the normal gland in size and zonation, take on the histo ... 
logical and cytological appearance of the intact gland, and essenti~ 
its functional characteristics as well, although Macchi and Wyman (1960a) 
have shown that sixty day transplants do not support the animal in stress 
situations as adequately as normal glands. It '\iould seem, therefore, 
that the period between the establishment of the new blood supply and 
the removal of supportive salt therapy is the crit~cal time for the real 
establishment of an autotransplant. If during the period of salt therapy 
the growth in volume of viable tissue of the regenerating transplant is 
retarded and/or the capa~ity for hormone production is sub-minimal, the 
stress of survival after removal of supportive therapy could be greater 
than the regenerating transplant could meet, thereby effecting a failure 
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of the transplant and subsequent death of the animal. 
4• ~ Structure 
In the onlY report on the electron microscopy of regenerating 
adrenocortical tissue, Sabatini, Bleichmar and DeRobertis (1960) state 
that the capsule during regeneration becomes thickened, edematous and 
contributes to the viable parenchymal tissue by cell division. In their 
obsewati6nsP-oiB-tthe?enucleated gland, they also note that the fine 
str~cture of mitochondria resembles the vesicular type of the ~ona 
fasciculata, and only after two weeks of regeneration do the tubular' 
forms of the zona glomerulosa appear. They attribute the vesicular 
pattern of fasciculata mitochondria to be due to ACTH. 
The observations reported in this dissertation, although using one-
half gland intramuscular autotransplants, differ somewhat from those of 
Sabatini, ~!!! (196o). First of all, outside of the accumulation of 
lipid by some fibroblasts and som~ slight edema, no striking change in 
the capsule was noted. Secondly, as mentioned before, no evidence of 
capsular contribution to the parenchymal tissue was encountered. Thirdly, 
the cells of the surviving cortical.ti$SUe have mitochondria which are 
definitely more tubular in appearance than vesicular, a feature to be 
e~eo~ed when one considers the glomerulosal origin of the cell. Fourthlyj 
it is after two weeks that typical vesicular mitochondria appear, not 
tubular, as reported (Sabatini, ~ !!!, 1960). Perhaps the differences 
lie in the different approaches of investigation employed, the true 
transplant versus the gland regenerating in ~' but it does not appear 
that this is the complete answer. 
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Enucleated glands regenerating !a ~ have a distinct advantage 
ovef autotransplants grown in other sites, such as. the mesentery and 
dorsal.musculature (Penney, Dixon and Patt, 1960; Patt, Dixon and Penney, 
1961). The needs to establish a new bloOd supply and to remove the 
degenerating inner cortical zones and medulla are nonexistant in enuc~ 
leated glands regenerating in ~· In addition to establishing a new 
blood supply and to removing necr.otic tissue, true autotransplants 
must adjust to the new body enVironment. In a preliminar,r study, it 
has been shown (Patt; DiXon and Penney, 1960) that cells of the enuc-
leated gland undergo essentially the same lipid sequence described 
earlier by Brenner, Patt and Wyman (1953) for intramuscular autotrans-
plants. Although the regenerative process of the former is more ad-
vanced, ~t would also seem probable that the same cytological functions 
and sequences should accompany th~ aforementioned changes in intra-
cellular lipid. Therefore, insofar as intracellular changes during 
regeneration are concerned, the autnor does not think any major dif-
ferences during regeneration exist between enucleated glands !a ~ 
and autotransplants to various sites. The only difference is that the 
rate of growth of regenerating tissue decreases progressively as one 
compares the enucleated gland iB ~, enucleated ~esenteric autotrans-
plant, one-half sland mesenteric autotransplant and one-half gland in-
tramuscular autotransplant, respectively. Although fine structural dif-
£erences ±n3negeneration must exist between the enucleated gland ~ ~ 
and one-half gland intramuscular autotransplants, it would appear that 
the hig~ degree of fine structural preservation affbrded by epo~ resin 
embedding media must'also be responsible in part for some of the,~~ 
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differences previously described. 
Lever (1955b) postulated the origin of lipid as a transformation 
of mitochondria by a stepwise process of increasing osmiophilia and 
decreasing internal fine structure. In this investigation, no evidence 
of such a process was encountered~ Thus I agree with Belt (1956) that 
lipid droplets are not fo~ed by mitochondrial modification. In the 
present investigation mitochondria and agranular endoplasmic reticulum 
were seen in immediate proximity to the lipid droplets, but never any 
evidence for a "mitochondrial-lipid droplet" transformation state was 
observed. 
The investigation presented in this dissertation has attempted to 
answer some of the unsolved problems concerning the fine structure of 
adrenocortical cells after varying intervals of r~generation to deter-
mine if there are ~ structural features of the cytoplasm which are 
characteristic of the different functional states of adrenal regenera-
tion described by others (Greep and Deane, 1949a} Skelton, 1959; 
Macchi and Wyman, I960b), as well as to elucidate our understanding 
of the structure-function relationship in general. Among the increasing 
variety of new techniques being developed, one that appears to hold the 
'potential to solve some of these puzzling prpblems of adrenocortical re-
generation is the coupling of electron microscopy and autoradiography. 
Union of these two disciplines would allow the observation of cortico-
I 
steroidogenesis on the level of the cytoplasmic organelle. Another 
promising technique is the _cytochemical en~e staining o~ thin sections 
to be observed in the electron microscope, particularly those enzymes 
involved in corticosteroidogenesis. 
VI. SUMMARY 
The fine structure of the normal intact male Wistar rat adrenal 
cortex was examined in the electron microscope. The capsule surround-
ing the gland is composed of fibroblasts arranged in an overlapping 
fashion and ~termingled with bundles of collagen fibers. Numerous 
blood vessels penetrate the area. 
The zona glomerulosa is composed of small, rounded, compact cells 
which have large, irregularly shaped lipid droplets, numerous tubules 
and vesicles in the cytoplasm, smooth-walled or agranular endoplasmic 
reticulum, unattached ribosomes, and mitochondria, whose internal fine 
structure reveals a tubular arrangement rather than the customar,r 
cristae or lamellae. 
Cells of the zona fasciculata have large lipid droplets, free 
ribosomes, mitqchondria with a vesicular internal structure, and agranti-~ 
lar and some granular endoplasmic reticulum. A subendothelial space is 
extensively developed in this zone. 
Light and compact dark cells characterize the zona reticularis. 
Vesicular mitochondria, free ribosomes and varying amounts of lipid are 
found in the cytoplasm. Dark cells, with numerous closely packed mito-
chondria, are believed to be physiologically more active than ~ght cells. 
The cytoplasmic characteristics of adrenocortical regeneration were 
studied over a sixty day period in male rats bearing one-half gland 
intramuscular autotransplants implanted immediately after excision. 
!utografts were recovered after two, four, seven, fourteen, twenty~0ne 
and sixty days of regeneration and prepared for viewing in the electron 
microscope. 
The two day transplant has tubular or lamellar cristae as the pre-
dominant form of mitochondrial internum., vast amounts of intracellular 
lipid, a well-developed endoplasmic reticulum, free ribosomes, and ex-
tensive infiltration of phagocytes, macrophages and erythrocytes. Re-
generation begins from a few surviving cells beneath the capsule, from 
which a fullY differentiated cortex is formed in about three weeks 
(Brenner, ~ ~' 1953; Skelton, 1959; Patt, Dixon and Penney, 1961). 
The viable cells at this stage of regeneration appear to be engaged in 
a high degree of protein synthesis with low secretory function. Necrosis 
is widespread at this time, since onlY a few glomerulosal sub-capsular 
cells survive to regenerate. Cellular breakdown is characterized by a 
cytoplasmic vacuolation, nuclear clumping, mitochondrial vacuolation, 
nuclear membrane disruption, and finallY cell membrane breakdown. 
Viable cortical cells after four days of regeneration have large 
amounts of lipid in the form of smaller, widelY spaced droplets, a 
hig~ developed granular endoplasmic reticulum, tubular or lamellar 
mitochondria, and free ribosomes. The cell is thought to be under-
going extensive protein. synthesis as well as secretion. A new blood 
supplY to the transplant is being established at ~his t:inie .. (Skelton, 
1959). 
Cells of the seven day transplant are characterized by the absence 
of lipid. OccasionallY some small lipid droplets are seen. The num-
erous mitochondria are tubular and lamellar, and show widespread vari-
ation. The granular endoplasmic reticulum is somewhat less well-de-
veloped than at four days, and free ribosomes exist. The cells are 
believed to be serving a dual role of protein synthesis along with 
steroid production, as shown by an increase in free ribosomes, an in-
crease in mitochondria of the tubular form, and an extensive endo-
plasmic reticulum of both rough and smooth walls. The highest rate of 
mitosis during regeneration is said to be occurring at this stage 
(Brenner, 1955). 
Cells of a transplant after fourteen days of regeneration possess 
fine, round, widely dispersed lipid droplets, vesicular and tubular 
mitQchondria, indicative of zonation, numerous ribqsomes, and a agranu-
lar endoplasmic reticulum. These characteristics suggest that the cell 
is probablY undergoing both steroid secretion and protein manufacture, 
with emphasis of the former. 
The cells of the twenty-one day transplant have considerable lipid, 
exhibit histological zoning, and reveal the presence of both light and 
compact aark cells in all zones. The ~pid is highly osmiophilic and 
smaller in the zona fasciculata. ~he mitochondria have the tubular 
form in ~he zona glomerulosa and the vesicular form in the zona fasci-
culata. Free ribosomes and an extensive agranular endoplasmic reticulum 
·arepp~es~nt. 
After sixty days regeneration the cortex appears normal in all 
respects. 'The ~ona glomerulosa has tubular mitochondria, large osmio-
philic lipid droplets, and compactness of its arrangement. The zonae 
fasciculata and reticularis have numerous vesicular mitochondria and 
normal lipid structure. Dark cells are present in the zona reticularis. 
Free ribosomes, agranular and granular endoplasmic reticulum, and a 
generally healt~ appearance signif.y typically normal characteristics. 
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The dark cells are thought to be highly active physiologically, 
insofar as secretion is concerned, but not in protein synthesis, as 
evidenced by their late appearance in the regeneration process. 
An avenue of future investigation wfuuld be the combining of 
electron microscopy with both histochemistry and autoradiography to 
localize enzyme systems and to study corticosteroidogenesis on the 
level of the cell organelle •. 
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Several investigators have reported on the fine structure of the 
normal adrenal gland of the rat using electron microscopy, and many have 
described the changes which occur during the processes of regeneration 
of both enucleated and transplanted adrenal glands, using a variety of 
histochemical techniques for subsequent analysis by optical microscopy. 
Since the larger inclusions, such as intracellular lipid droplets, have 
been followed through the stages of regeneration (Brenner, ~ ~~ 1953), 
an attempt was made in this investigation to analyze the changes in 
cytoplasmic organelles during the process of regeneration, utilizing 
the electron microscope, and to correlate the observations with those 
of the regenerating adrenal gland that have been reported using optical 
microscopy. 
~erimental Procedures 
Male albino rats of the Wistar strain, weighing between ninety-
five and one hundred fifty grams were bilaterally adrenalectomized by 
the dorsal approach under ether anesthesia. The right adrenal glands 
were either used for control purposes or discarded. The left .adrenal"~. 
gland->was bfusected and autotransplanted into pockets made in the dorsal 
musculature. All animals were given Purina Laboratory Chow !<!libitum 
and a one percent saline drinking water for a period of seven days post-
I 
operatively, after which tap l'fater was given. These animals were sacri-
ficed and their transplants removed after two, four, seven, fourteen, 
twenty-one and sixty days of regeneration. Tissue specimens of one 
cubic millimeter size were fixed for two hours in cold one percent 
osmium tetroxide buffered to pH 7.2 with veronal-acetate buffer, after 
which they were dehydrated and embedded in either methacrylate monomers 
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or epoxy resin. After curing the plastic in an oven, sections of three 
0 
hundred to eight:_hurld~ed Angstrom units thickness were cut on a Eorter-
Blummicrot0me, placed on carbon coated copper grids, which had pre-
vious~ been covered with a thin layer of For.mvar, and observed in an 
RCA EMU Midroscope, Model 3B, at fifty kilovolt~. Normal control animals 
were sacrificed and their left adrenals processed in the same manner as 
above. 
Observations 
A. Normal Intact Adrenal Cortex: Present findings on the electron 
microscopic structure of the normal intact adrenal cortex agree with 
numerous previous similar Qbservations. The normal adrenal cortex of 
the rat is composed of annouter protecting capsule and three distinct · 
zones of parenchymal tissue, the zonae glomerulosa, fasciculata and 
reticularis. The fine structure of the capsule reveals a series of 
overlapping fibroblasts, with extreme~ well-developed granular endo-
plasmic reticulum, collagen fibers in cross and tangential sections, 
and numerous blood vessels. Mitochondria of the fibroblast show a 
typical lamellar configuration. A basement membrane is present betwe~n 
the capsule and parenchymal cells. 
The zona glomerulosa cells, located just beneath the capsule~ are 
small, rounded, and rather tightly packed together. Large irregular~ 
shaped lipid droplets are present, as are the agranular endoplasmic 
reticulum, free or unattached ribonucleoprotein particles or ribosomes, 
an4~'projections of the cell membrane into the subendothelial spaces. 
The most characteristic feature of the zone is the mitochondrial ~ine 
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structure, which is in the form of short tubules, rather than "lamellae. 
Rather unique configurations of these tubules may appear when cut at 
various tangents. 
The zona fascic~ata cells are large and more loose~ arranged. 
Their mitochondria are characterized by the vesicular fine structure, 
consisting of numerous round vesicles cut in cross section. Large lipid 
droplets, free ribosomes, both granular and agranular endoplasmic retic-
ulum and a more extensive development of the subendothelial space are 
seen. 
The zona reticularis has the type of mitochondria characteristic 
of the zona fasciculata. The presence of light and dark cells ·also is 
a prominent feature of this zone, the dark cells being more compact and 
apparent~ more active than are the light cells. Considerable amounts 
of lipid, free ribosomes, and both granular and agranular endoplasmic 
reticulum are seen. Since the norma+ intact gland functions prtmari~y 
in hormone synthesis, structural characteristics similar to those des-
cribed above will be associated with steroid biosynthesis. 
B. ~ Day Autotransplant:· The cells of the zona glomerulosa sur-
vive the implantation trauma and Undergo transformations during which a 
new complete cortex is formed by three weeks of regeneration (Brenner, 
~ ~' 1953). The mitochondria of this age of deve1opment have a 
lamellar fine structure. The lipid, which has wide variation in size, 
is intense~ osmiophilic. Free ribosomes are present, and there is an 
increased amount of granular endoplasmic reticulum, indicative of pro-
tein synthesis. Extensive invasion of erythrocytes, macrophages and 
phagocytes is evident. Widespread necrosis is present at this time, 
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since most of the transplant, save for a few cells beneath the capsule, 
degenerates (Brenner~~!!~ 1953). 
c. ~Day Autotransplant: Cells of the four day transplant have 
an abundance of highly osmiophilic lipid, but it is in the form of smaller~ 
more widely spaced droplets, than at two days. The mitochondria have 
the lamellar form of fine structure. The most notable feature of the 
transplant is the high degree of development of the granular· endoplasmic 
reticulum. The quantity of free ribosomes is markedly· reduce~. 
D ... Seven Day Au~otransplant: Cells of the seven day transplant 
are almost completelY- void of lipid, although occasionally a slightly 
less osmiophilic droplet is noted. Numerous, scattered mitochondria, 
which have a tubular internal arrangement, are present in a variety of 
shapes and sizes. Although no histological ·zonation is found, the mitG-
chondria are showing signs of zonation in that the vesicular type of 
mitochondria is present. There is a decrease in the amount of rough-
walled endoplasmic reticulum, and an increase in both free ribosome~ 
and agranular endoplasmic reticulum, the latter often exhibiting an 
organized layered arrangement. 
E. Fourteen flay Autotransplant: The cells of this stage ·of regen-
eration possess small quantities of widely spaced lipid, usually in a 
moderately osmiophilic granule. Histological zonation is evident and 
mitochondria are of both the tubular and vesicular types, depending ~n 
the zone of location. The vesicular form seems to predominate. The 
agranular endoplasmic reticulum is common, and free ribosomes are 
present. Dark cells, noted earlier, are enc~undered in fourteen day 
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transplants for the first time. 
F. Twenty-Qs2, Day Autotransplant: Zonation of the transplant 
seems to be nearly complete. ¥JLtochondrial fine structure is charact-
eristic of the corresponding zones of the normal gland, as is the 
arrangement and structure of the lipid droplets. The ribosomes are 
unattached and the agranular endoplasmic reticulum predominates. Dark 
cells, presumed to be highly active, are found in all zones of the 
cortex. 
G. Sixty Day Autotransplant: The tr~splant, after regenerating 
two months, shows all the characteristics of the intact gland, except 
for the failure of medullary cells to regenerate. The capsule appears 
nor.mal, the zona glomerulosa has all the features of intact glands, 
including tubular mitochondria, and the zon~e fasciculata and reticularis 
show vesicular mitochondria and free ribosomes with the smooth endo-
plasmic reticulum, similar to the arrangemept in the nor.mal intact gland. 
' The dark cells are now found confined more to the zona reticularis, a 
situation that exists in normal glands. 
Discussion 
During the first week of regeneration, the predominance of a granu-
lar endoplasmic reticulum, mitochondria with lamellar internal structure, 
and a decrease in the number of free ribosomes are the most promine~t 
cytoplasmic changes. Since the granular or rough-walled endoplasmic 
reticulum is known to be involved in protein synthesis, this function 
seems to be the principal activity of the young transplants. The change 
of the mitochondrial internum from tubules to lamellae is suggestive o~r 
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an increased need !or mitochondrial oxidative phosphorylating activ~ty, 
while mitochondrial activity in hormone s,ynthesis is somewhat diminished. 
Perhaps the temporary storage of intracellular lipid due to interrupted 
vascularization at the two and four day periods of regeneration is partly 
responsible for the decreased need £or hormone manufacture. 
The empty of lipid-free cells of the seven day transplant are be-
lieved to be serving a dual ~unction of protein synthesis and hormone 
biosynthesis, since it has been shown that transplants of this age can 
support the host under stress situations (Komrad and Wyman, 1951). 
After two weeks of regeneration and thereafter, the transplants 
more closely resem~le the normal intact cortex in histological zonation 
and cytoplasmic organization. Therefore the primary activity of the 
viable cells is thought to be hormone bioxynthesis, although some pro-
tein synthesis occurs. 
After two months o£ regeneration the transplant structura~ re-
sembles the_ normal intact cortex, although many have shown that it 
functions subnormally under acute stress situations. 
Thus during the early periods of adrenocortical regeneration, 
there are rather marked fine structural changes which are suggestive 
of concomitant functional change. Beginning at two weeks of regeneration, 
~ \ 
progressive development toward structural and functional characteristics 
I 
similar to those of the normal intact cortex occurs. 
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